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I. InrTRopUCTION—A GENERAL VIEW 


HUNDREDS OF THOUSANDS of words have 
been printed, in newspapers and maga- 
zines throughout the country, comment- 
ing, explaining and conjecturing as to 
what the returning veteran will want and 
demand. But relatively little thought has 
been given as to what he may be able to 
do for us in bringing new information, new 
ideas and new methods for performing old 
and familiar tasks. 

Each veteran has undergone strict 
training under military methods, training 
far removed from the vague, impractical, 
bookish education still predominant in 
many of our educational institutions. Each 
has learned, in a minimum time, skills vital 
to the protection of his life and the de- 
struction of the enemy. Will he be satisfied 
to sit quietly in a classroom, when he re- 
sumes his interrupted education, and have 
theories thrust at him, although practical 
and more interesting methods could be 
employed? Why not consider what Mili- 
tary Training Methods have to offer us, 
that we may be ready, not only to make 
practical the civil education of these men 
and women, but heighten the interest and 
more rapidly increase the skills of the 
younger students? 

The author, while disclaiming any great 


authority on the subject, nevertheless con- 
siders himself fortunate to have been able 
to add more than three years of associa- 
tion with Army Training Methods to his 
pre-war experience teaching mathematics 
in one of the leading secondary schools of 
the country. 

Let us then attempt to evaluate the 
methods used so extensively in Military 
Training and suggest a means by which 
they may be adapted to General Educa- 
tion. 

II. THE Army’s CONTRIBUTIONS TO 

EDUCATION 

The most conspicuous contribution is 
the development of visual and auditory 
methods. Films, film slides, phonograph 
records, large portfolios of colored dia- 
grams, posters, models, sand tables, and 
demonstrations have been used in the 
army to maintain interest and teach many 
who would never have learned from the 
written and spoken word alone. This use of 
a new power, multi-sensory education, 
will be discussed at much greater length 
in section III of this article. It must 
shortly have its own place in the school 
system. 

While many of these training aids were 
of great benefit to the student, since they 
insisted on his participating in, as well as 
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witnessing the demonstration, it must be 
admitted that seldom was his performance 
an actual experiment to discover the cor- 
rect way to use a skill. More often it was a 
simple imitation of someone’s idea of the 
correct procedure. With the additional 
time available in civilian schools this type 
of instruction could be improved and de- 
veloped into laboratory courses where 
ideas are developed by handling material 
objects, not merely courses where the 
technique of manipulating tools and mate- 
rials is taught. Here is the great difference 
between learning by performance within 
the army or outside the army. The Army 
demanded only that the student learn to 
perform the skill being taught in one most 
effective manner. General education re- 
quires that the learning of the correct 
method be followed by a generalization, 
then a realization of the place occupied by 
the principles involved in the pattern of 
all knowledge—or at least in the pattern 
of all education acquired up to that time. 

Since the subjects taught in the army 
were concerned with a specific correct pro- 
cedure instead of either a generalized cor- 
rect procedure or the development of an 
attitude, it was easier to formulate the 
goal of this learning in terms of physical 
skills. Motivation then was simple, the 
objective often being seen in the demon- 
stration. When any educational goal can 
be thus concretely formulated so will its 
motivation be easy. 

Demonstrable goals, however, may at 
times have a harmful influence. Physical, 
immediate goals, are sufficiently attractive 
and concrete that schools will be criticized 
for trying to employ more idealized objec- 
tives. Students, remembering the clear- 
cut goals of military training will claim 
schools are impractical, idealistic, time 
wasting, unworldly—and therefore use- 
less. We must keep in mind, however, that 
though goals in terms of practical, physi- 
cal ends should be used; whenever pos- 
sible, other goals, less tangible, must be 
expressed and sought for. 

There is one other, possibly harmful, in- 
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fluence caused by the accelerated type of 
training used by the Army. Time was too 
short to lead instructors through the the- 
ories of teaching or even to be sure those 
most interested in teaching were selected. 
The problem was to show the instructors a 
fast and certain method of presenting ma- 
terial which would maximum 
amount of learning in the shortest pos- 
sible time. A mechanical, stereotyped les- 
son and teaching plan was developed 
which could be passed down from a train- 
ing director far removed from the scene 
of the teaching. This plan included a 
synopsis of material to use together with 
objectives and methods of presentation. 
Little opportunity was given the instruc- 
tor to use his personality or let his interest 
in the subject appear. Such frozen fact les- 
sons would have been impossible were the 


assure a 


subject matter not so material and con- 
crete. Many courses, where ideas are more 
important than facts, would be ruined by 
such overpowering direction. However, the 
positive contributions of military training 
far outweigh the harmful ones. We must be 
reminded that we are hére judging the ef- 
fects of military training upon the future 
of the educational system, not upon the in- 
dividuals who survived it. 

The use, however, of standardized 
teaching units for subjects whi@h have as 
their fundamental objectives the learning 
of a basic core of facts could be well worth- 
while. If well defined units in spelling, 
multiplication tables, history dates, lists of 
important works by authors studied in 
literature, valences in chemistry, verb 
forms and vocabularies in foreign language 
studies, and similar factual units were 
available the individual classroom teacher 
could be relieved of a large part of the 
now necessary planning and teaching. It 
might even be possible to organize these 
subjects into self teaching units which the 
student could study and restudy, testing 


himself all the while, until he reached the 


level of proficiency required. 
Education is most justly administered 
when all students are measured against 
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the same standards. With this idea in mind 
the Army has successfully developed com- 
plete sets of tests for all important types 
of subjects taught. These have been care- 
fully compiled, fully pretested, completely 
standardized and regularly revised. Stand- 
ards have been devised for industrial skills, 
job aptitude, academic aptitude, achieve- 
ment in elementary school subjects, clas- 
sification based upon general intelligence, 
general information, mechanical aptitude. 
In addition check lists were constructed to 
aid in judging proficiency and experience 
in former occupations, and aids to neuro- 
psychiatric screening. Similar tests in 
many of these categories would be very 
useful in school systems though unavail- 
able because of the expense of compiling. 
The Army was justified since expenditure 
per capita drops astonishingly when large 
groups are involved. 

City high schools, colleges, rural educa- 
tional areas or state-wide groups centered 
in university departments of education 
could profitably use these army tests and 
adapt them, in the light of knowledge of 
their past use, to the needs of the educa- 
tional system of the country. Though the 
Army has compiled the material and borne 
the expense, the tests should neither be 
discarded, now the war is over, nor be en- 
tirely monopolized by the Army. 

The Army has furthermore attempted 
to define the elusive qualities of leadership 
in their non-commissioned officer and offi- 
cer candidate schools and has arrived at 
and methods of developing 
leadership far superior to any method 
civilian education has supplied in the past. 
Even though leadership in peace may dif- 
fer from leadership on the battlefield a 
program to train leaders for industry and 
government could profitably grow from 
the beginnings the Army has made. 

Furthermore army methods have pro- 
duced remarkable results in teaching il- 
literate soldiers. It is clear then, from the 
rapid progress these individuals make in 
reading, writing, and arithmetic, that the 
illiterates of our country are not uneduca- 


standards 
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ble, but have merely lacked the opportu- 
nity, the incentive, and the proper meth- 
ods. Educators would find most worth- 
while a study of the books and method 
used in army training centers to instruct 
these people rapidly in the fundamental 
tools of education. 


III. PLAN For A DEPARTMENT OF 
TEACHING AIDS 


In discussing more fully the ideas previ- 
ously mentioned most important in our 
opinion is the development of teaching 
aids. Though termed Training Aids by the 
Army we believe Teaching Aids to be a 
better term, since it suggests a greater ap- 
plication to all types of learning. Training 
has taken on the connotation of physical 
training, or training for skills in physical 
manipulation. This same distinction has 
been made in naming vocational training 
rather than vocational teaching depart- 
ments of schools. Academic types of edu- 
cation sometimes require minds able to 
think in terms of abstract symbols with- 
out the aid of pictures and objects. It has 
been assumed, therefore, that the more 
academic subjects should be taught from 
books and the less abstract subjects by 
demonstrations, models, laboratories and 
shops. But by adding teaching aids to the 
usual methods of teaching such subjects 
as mathematics, English, Foreign Lan- 
guage, history, and geography, the prog- 
ress of the average pupil would be much 
faster and the pupil who formerly found 
these subjects impossible would find his 
discouragement lifting. Pictures and mod- 
els mean more to all people than words. In 
fact, for some people words alone convey 
no true or direct concept of the idea under 
discussion. For very abstract ideas the 
model or analogy used may resemble the 
basic idea in perhaps only one or two as- 
pects. In such cases words alone will give 
a true description of the abstraction. For 
instance, no single example will give the 
real meaning of “truth,” “beauty,” “light- 
ness,” “distrust,” “sufficiency,” ‘“‘pre- 
paredness,” “horror,” or any other ab- 
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stract idea. Similarly, no single teaching 
aid will illustrate such terms as “veloc- 
ity,” “mass,” “rhythm,” or “justice.’’ The 
meaning of these words is realized only by 
inductively abstracting their essence from 
repeated, different examples. But in al- 
most all secondary school education, and 
in a large part of college teaching the ideas 
are concrete enough so that visual, audi- 
tory and other sensory aids will be of great 
help. 

At present only the physical sciences 
have developed teaching aids to any 
worthwhile extent. Unfortunately, how- 
ever, their development was not a growth 
from interest in improving teaching meth- 
ods, but arose naturally from the subject 
matter itself. Physics, chemistry, and bi- 
ology profess so constantly to be studying 
the world around us that any course teach- 
ing these sciences without handling physi- 
cal materials would certainly invite criti- 
cism. So the use of the teaching aids which 
the physical sciences have developed is 
still incorrect, for their attitude is: “We 
should teach science and let them experi- 
ment in the laboratory,” instead of “We 
should teach science by letting them ex- 
periment in the laboratory.” (See part IV 
of this report: A Mathematics Laboratory 
Course). Science has made better use of 
teaching aids other than laboratory work, 
such as films, film strips, models, mu- 
seums, field trips, and demonstrations. 
These have been organized as the need for 
them arose. On the other hand, laboratory 
work has been planned to fill just so many 
hours a week, regardless of the real need 
for any particular week. 

Why is it more departments have not 
spread out and embraced new, useful 
teaching aids as they appear? Chiefly 
there are two reasons. Teachers do not 
hear about these ideas until they have 
been well developed, and there is not 
sufficient time during a teacher’s day to 
track down, investigate, develop and util- 
ize all new ideas which do appear. 

Consider the subject of educational films 
alone. The classroom teacher does not 


have time to read all the information ap- 
pearing about films which apply to his own 
subject, see showings of these films to 
evaluate which could be used during the 
year and decide what place they would 
have in the course. Furthermore, he has 
not time to sell the idea of buying suffi- 
cient projection equipment to the school 
board or the treasurer of the school, order 
the film on time, train someone to run the 
projector and finally wrap up the film and 
send it back to the rental agency. Even 
when the film is the property of the school, 
its use and care still add to the day’s work. 

If in addition of all this he is told he 
should make colorful charts describing pic- 
torial methods of teaching his subject, 
should maintain a file of pictures and 
photographs to illustrate classroom work, 
should develop practical exercises to make 
learning interesting, should construct 
models to show how his subject applies to 
the world about him, should keep in touch 
with the latest books published in his own 
field, should devise objective-type tests 
and standardize them over a period of 
years, should be ready at a moment’s 
notice to advise the purchasing section of 
new materials needed and the vendor’s 
name and prices (just in case the budget 
allows a purchase), should arrange regular 
field trips and visits to industrial plants, 
should be on the lookout for any new text- 
books on his subject, and should above all 
save plenty of time for individual help for 
the problems in learning each of his pupils 
will have, then, certainly, no teacher can 
be blamed for giving up and just teaching 
out of the book so many pages a day. In- 
dustry and the Army have found their 
sub-divisions need outside aid to teach in 
the most efficient manner—why not the 
schools? 

The answer to this difficulty is the 
formation of a separate Department of 
Teaching Aids. The location of this depart- 
ment, its work, requirements and admin- 
istration will be discussed in the next few 
paragraphs. 

Naturally, a Department of Teaching 
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Aids may be as simple or as complex as 


| the schools wish to make it. To develop 
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the idea fully the following description as- 
sumes a large, complete department will 
be established aimed at giving the greatest 
possible amount of aid to the rest of the 
school. Even a partial realization, how- 
ever, of these ideas would be better than 
none at all. 

Where would such a department be lo- 
cated? For a large city high school, a large 
private school, a college or university, the 
department would be part of the school 
and parallel the other departments in the 
organization. Small high schools, elemen- 
tary schools, and small private schools 
could band together to support a depart- 
ment for the whole group. The most natu- 
ral grouping would be by geographical 
location. All schools ina township, county, 
or even in a state could be supplied by one 
department of teaching aids. It should be 
stressed, however, that the nearer the de- 
partment be to the classroom teacher, the 
better it can perform its task. Schools in 
a district around a state university would 
logically focal point there for 
the department. Great care must be taken, 
however, to make sure the department 
serves the needs of the teachers and does 


find a 


not try to use the schools in its territory 
as experimental schools for university- 
bred ideas. In every instance, the depart- 
ment of teaching aids should be the ser- 
vant of the other departments, and not the 
source of teaching policy. 

What would be the duties of the person- 
nel in the teaching aids department? They 
would keep up-to-date bibliographies of 
books on teaching methods, magazine 
articles from professional and general pub- 
lications, lists of available films, film strips, 
pictures and their sources, and would pub- 
lish monthly lists of this information to 
he circulated to the departments and then 
kept in a permanent file. They would help 
choose text books for new courses, or to 
replace out of date books in regular 
courses, and would even stand ready to 
write books as needed or edit and super- 


vise the reproduction of books written for 
their courses by members of the faculty. 
They would maintain a file of pictures, 
films and film strips to be delivered to 
classrooms as required by the teaching 
schedules (books and magazines would 
still be kept in the school library). They 
would collect pictures, make posters and 
charts, and be prepared to make still 
photographs and motion pictures, both in 
black and white and in color, as required 
to improve the teaching in the schools. 
Among these workers would be included 
trained artisans who could work in wood 
and metal to produce models and demon- 
stration equipment as needed by various 
departments and who are experienced in 
electrical wiring, relays and motors, hav- 
ing a knowledge of how to work such 
varied materials as plastics, cloth and 
string. Therefore they could produce 
working models which could become a 
permanent part 
collection. They 
ardize tests for all units within courses 
and overall tests for complete courses, 
whenever such tests would be helpful. 
They would have catalogs of all commer- 
cially available teaching aids and stand 
ready to advise the departments as to the 
best sources of material. They would serve 
as a clearing house for all exhibits, assem- 
bly programs, extracurricular club §ac- 
tivities, school museums, and visits by 
groups to industrial plants, concerts, ath- 
letic events, and theater parties which 
would make of them experts on transpor- 
tation problems and public relations con- 
tacts as effecting the classroom teacher. 
All the above are tasks which the indi- 
vidual teacher is expected to do for him- 
self, but from which he would be relieved 
by the creation of such a department. Does 
not this seem to be a sufficient justifica- 
tion? 

How should such a department be ad- 
ministered? Definitely the actual work 
should be done by full time, experienced 
workers who have no other position than 
that which they hold in the teaching aids 


of the school’s teaching 
would devise and stand- 
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department. They should be hired for the 
very special skills required of them, for 
their interest in education and in experi- 
menting with new ideas. The supervisor 
should be a teacher who continues to teach 
regular classes as part of his duty. Aiding 
him should be a committee representing 
all departments, which meets regularly to 
discuss budget allotments, priorities of 
purchases and construction of teaching 
aids. Obviously, if the Physics depart- 
ment wants an expensive wind tunnel and 
the History department wants a series of 
motion pictures purchased, both expensive 
projects, someone must decide which 
comes first. 

How many employees would be required 
to carry on the work outlined? This de- 
pends upon the number of pupils served. 
For 500 to 1,000 pupils, two employees 
should be sufficient. Number one could 
maintain the bibliographies, do the writ- 
ing and editing, be responsible for stand- 
ardized tests, serve as a purchasing coun- 
selor, and arrange outside visits. Number 
two could make the charts, posters, and 
mechanical teaching aids as well as the 
still and motion picture photography. For 
1,000 to 2,500 pupils three employees 
would be required, the work of number 
two above being divided so that number 
two would do the art work and photog- 
raphy and number three the mechanical 
models and demonstration equipment. For 
2,500 to 5,000 pupils four employees 
should be sufficient. Number one in this 
case would do the bibliographies, editorial 
work, purchase counseling, and trip plan- 
ning; number two would do the art work 
and photography ; number three the stand- 
ardized test program; and number four 
the mechanical teaching aids and demon- 
stration equipment. If 5,000 to 10,000 
pupils were being served five employees 
and a full time director would be needed. 
Here the separation of duties could be as 
above with purchase counseling and trip 
planning taken from number one and per- 
formed by number five. It would be im- 
practical for a single teaching aids depart- 


ment to serve more than 10,000 pupils. 

How would teaching aids be chosen for 
purchase or construction? Naturally by 
the teachers themselves. One of the chief 
objections to a centralized bureau is that 
it will take initiative and spirit out of each 
teacher’s work. True, it might have the 
same effect as if some higher headquarters 
told him exactly how to teach. To avoid 
this, and to prevent each teacher from 
getting a roomful of teaching aids with 
which he does not sympathize, and which 
therefore he does not use, teaching aids 
would be supplied only upon the request 
from the individual teacher. This request 
could be a detailed plan with diagrams, 
sketches and specifications for construc- 
tion, or it could be merely a simple request 
to: “develop a teaching aid to make it 
easier to learn the capitals of the states.”’ 
Other types of requests might be: ‘‘How 
‘an I demonstrate carburation in gasoline 
engines?,”” “What films can we buy to 
use in a course on costume design?,”’ ‘Will 
the teaching aids department please make 
a moving picture illustrating the develop- 
ment of the state of —_ (wher- 
ever the school system is located),”’ ‘May 
the biology classes borrow the equipment 
to make a set of colored still pictures of a 
group of birds who are building a nest out- 
side our window?,” “Can a test be de- 
veloped to measure proficiency in cook- 
ing?”’, “Would it be possible to take a group 
of fifty to Chicago next month to the sym- 
phony concert, and how much would it 
cost?,”’ “Can you make a chart showing 
the influences of foreign groups upon the 
development of customs in the U.S.A.? 
This should be accompanied by film strips, 
lantern slides, or mounted pictures to il- 
lustrate the unit.”, ‘Would it be possible 
to make a graph to prove to the school 
committee that we are teaching at a lower 
rate per capita than ever before? They 
want to cut our budget.’’ Naturally, most 
requests would be more detailed than these 
listed here, but this should give some idea 
as to the work covered by the teaching aids 
department. After a request is received, it 
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is clarified by telephone calls and visits 
with the teacher or department from 
which it originated until the teaching aids 
department is sure it knows just what re- 
sults are desired. In some cases changes 
may be suggested or the idea shown to be 
impossible to develop. If the request is 
simple or routine it is put into production 
at once; otherwise, it is held for the next 
committee meeting to decide whether 
funds and time can be allowed for it. 
When requests are put into production 
which easily admit of mass production 
(such 
strips, movies, or simply-made models) 
then descriptions will be circulated to all 
interested teachers to see if they wish to 


as printing, silkscreen posters, film 


submit a request for a copy. Notice that in 
every the initiative and 
comes from the classroom teacher. 

This set of suggestions and directions for 
organizing a department of teaching aids 
is based upon experience with the army’s 
production of training aids and a study of 
their faults and virtues. The one goal of 
such a department is to make classroom 
teaching easier and more efficient in the 
manner in which each teacher wishes it to 
develop. It must be a servant of the 
teacher. 


case decision 


IV. A Maruematics LABORATORY 
COURSE 

A further lesson to be learned from mili- 
tary training is the necessity for the 
learner to participate in the process or act 
which he is learning. The rifleman handles 
a gun (without ammunition) almost the 
first day. The operator of- an antiaircraft 
director learns the “feel” of the controls 
immediately. Army administration is 
taught by filling out forms; telephone in- 
stallation by installing phones; radio theory 
by building radios, first simple types and 
then more complicated ones; pilots “fly” 
early in a “Link Trainer’; and all soldiers 
are conditioned to battle noises by pro- 
ceeding through an Infiltration Course 
area with live ammunition whizzing over 
their heads and small land mines exploding 
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close to them. All these are examples of 
learning by doing. 

One feature, though missing in army 
training, need be added in order to incor- 
porate the method into the present sys- 
tem. Though not encouraged nor led into 
mistakes, the pupil must, however, be 
permitted to make initial mistakes if he 
does so naturally. Trial and error methods 
are too valuable to ignore. Speed was more 
important than reasoned learning in mili- 
tary education so there was not time to 
allow for mistakes. Performances were re- 
quired to be correct the first time and 
this particular method considered to be 
the only right procedure. In leisurely peace 
time teaching, however, more exploration 
should be allowed and less complete direc- 
tion supplied. Then, when the best method 
is finally chosen, each pupil will feel he 
himself has chosen it, and will remember it 
longer. Also there will be less wondering 
as to what might have happened had it 
not been done the one, best way. The stu- 
dent has already tried the many other 
ways and has reached his own conclusion. 
Not only will the best method have been 
chosen, but in addition, the method of dis- 
covery will have been learned. 

Rather than show how all courses can 
be taught in an exploratory manner, let 
us design and exhibit a course for the 
teaching of mathematics by this labora- 
tory, roll-up-your-sleeves-and-do-it meth- 
od. There is no day by day curriculum to 
display but the objectives, activities, ad- 
ministration, and physical equipment 
needed for such a course will be discussed. 

One of the objectives of a laboratory 
course is to provide knowledge and mate- 
rials which will remain a part of the school 
and which can be used by future classes. 
As opposed to this, in the physics labora- 
tory, for example, equipment has often 
been merely dusted off, put through its 
paces, and returned to the shelf until 
needed again. The pupil in such a case, has 
had no part in the development of the 
apparatus. It is simply available to him 
as his toys were during childhood. There- 
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fore, another of the objectives in the 
Mathematics course is the building of 
machines and models, which illustrate 
mathematical principles and which could 
be added to the school mathematical col- 
lection. In order to do this, there must be 
models listed which have never been con- 
structed before, and which, when built, 
will be substantial enough to serve for 
years without replacement. If a pupil con- 
structs models, made many times before, 
or which are already in the mathematics 
museum, he will be filled with no more 
enthusiasm than if he were to perform a 
monotonous physics experiment, a trite, 
routine mathematics problem, or solve an 
antique theorem from a book. The essence 
of a laboratory is doing something new— 
not merely repeating something already 
done. This objective brings life into lab- 
oratory work far more surely than simply 
handling physical objects in place of read- 
ing about them in a book. A laboratory 
can be as dull and academic as a book un- 
less it leads to real discoveries. 

Now, separating the two objectives 
bound together in the preceding discussion, 
we find first that a laboratory course must 
give the pupil a sense of contribution to 
the school, and second, it must be a place 
where real, new discoveries are being 
made. Otherwise, it is just another hurdle 
in the race called: “Getting an Educa- 
tion.”” Both of these objectives can be 
reached by making laboratory exercises 
contain, at least in part, new, untried ex- 
periments and constructions. 

Too many laboratory courses teach such 
subjects as the Pythagorean theorem or 
the summation of an arithmetic series out 
of a book using the laboratory later only 
to show how these results can be applied 
to mechanical drawing. A better way 
would be to design laboratory exercises 
leading up to the Pythagorean theorem 
and the formula for the summation of 
arithmetic series. The facts of Euler’s 
theorem connecting the vertices, edges, 
and_faces of polyhedra or the earlier 
theorem establishing the maximum num- 


ber of regular polyhedra need never be 
proved in class if they are first discovered 
in the laboratory. 

Now that we have an idea of what we 
hope to accomplish by this laboratory 
course, what types of activities are avail- 
able leading to these ends? There are 
four: drafting exercises, paper and model 
constructions, 
and field exercises. 

The drafting exercises would naturally 
tie in best with facts from plane geometry. 
Possible exercises include ruler and com- 


laboratory experiments, 


pass constructions, exercises in perspec- 
tive, mechanical drawing, construction of 
artistic geometric figures, geometric pro- 
gressions of regular figures, constructions of 
the conic sections as intersections of fami- 
lies of lines, and the discovery of proper- 
ties of geometric figures by drawing. Here 
are some examples of geometric facts 
which can be discovered through draw- 
ings: answers to locus problems, angle 
measurement in circles, many of the sim- 
pler theorems from projective geometry 
(Desargues’ Theorem, Pascal’s and Bri- 
anchon’s Theorems, etc.). These do not 
need to be proved or even named, the 
facts being simple and clear. Many ideas 
might be introduced from modern geome- 
try: the nine-point circle, the Theorem of 
Pappus, Ceva’s Theorem, Ptolemy’s The- 
orem, and other similar discoveries. No 
proofs, remember, just discoveries. In this 
group of drafting exercises might appear 
many applications of algebraic formulas, 
such as the formula for the square of a 
binomial, or a trinomial, or the formula 
for the summation of an _ arithmetic 
series, and the form of the nth term. In 
such discoveries, cross section paper would 
be very helpful. 

The same type of work can be carried on 
to discover the facts of solid geometry. 
Cardboard, balsa wood, and plastic models 
can be made which lead to generalizations 
or acceptance of fundamental geometric 


facts. Some typical models might be made 


of various types of polyhedra; string models 
of surfaces; mechanical devices to show 
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construction of plane curves; plaster, 
wooden, or metal models of solid geometric 
forms; mathematical measuring and com- 
puting devices (planimeters, circular slide 
rules, etc.); linkages illustrating geometric 
principles; three dimensional models of 
complex algebraic curves; paper folding 
exercises; stitching exercises; and models 
which show mathematical principles in the 
world around us. It is from this group of 
activities that most of the permanent ex- 
hibitions of the mathematical museum will 
come. The more you work with it, the 
more ideas will develop. Many interested 
in photography will want to take a series 
of pictures formed around some mathe- 
matical principle or idea; some interested 
in writing will want to compile a consider- 
able amount of information on a single 
mathematical subject to be made part of 
the laboratory collection. Let them. Such 
activities are proper if combined with more 
active manipulation of 
equipment. 

The next type of laboratory activity, 
laboratory experiments, will require a 
great deal of development. It is readily 
acknowledged that science uses mathe- 
matics in many of its experiments, but the 
science laboratory treats mathematics as 
a type of handmaiden who should work 
without either asking questions or having 
any personality of her own. It should be 
the aim of the mathematics laboratory to 
formulate experiments with equipment 


mathematical 


from the physics, chemistry, biology, 
astronomy, economics, and _ military 
science departments which _ illustrate 


mathematical principles. These experi- 
ments can be grouped and performed in se- 
quences. For example: let us say the sub- 
ject is the trigonometric functions. The 
oscilloscope, apparatus to produce Lissa- 
jous figures, a harmonic analyzer, pendu- 
lums combined with stop watches, circular 
objects revolving so as to produce shadows, 
and the Jolly balance might all be used 
to study the mathematical principles of 
this group of functions. It is true thata 
completely new book (if a book were used) 


would need to be written... but why 
not? Actually, as we will show later, a book 
is not at all necessary. In more elementary 
classes scales can be used to investigate the 
properties of equations, micrometers can 
be used to demonstrate the need for signifi- 
‘ant places in physical measurements, mir- 
rors to study the laws of reflection, and 
glass jars filled with water to clarify the 
laws of refraction. Microscopes lead to the 
subject of proportion and speedometers to 
the conversion of units. The number of 
laboratory experiments will further grow 
from the suggestions of the students them- 
selves once the course is well under way. 

The most advanced and interesting type 
of laboratory work is the field exercise. 
The first exercises utilized here would be 
the usual ones of measuring heights and 
inaccessible distances. Transits and stadia 
rods should be available and the discover- 
ies resulting from their use could proceed 
from simple facts about similar figures to 
more complex facts about trigonometry. 
Exercises in surveying, map making, and 
navigation of more and more advanced 
difficulty could be used. The scope at this 
point is limited only by time, expense and 
the experience of the teacher. For, al- 
though it may not seem so, there is a 
teacher behind all this effort, guiding the 
work, making suggestions, and vetoing 
wild ideas. The laboratory course must 
never at any stage turn into a free-for-all, 
with every one dabbling into the work 
that has the most glamorous apparatus. 

Now for the discussion of the actual 
administration of the course, as it would 
appear in the school curriculum. 

The laboratory course should be avail- 
able in the curriculum at two levels; the 
first corresponding roughly to the tenth 
and eleventh years of school and the second 
to the twelfth year. The dividing line 
should be about as follows: those having 
only one year of algebra and no geometry 
would fit into the first course; those who 
have had plane geometry and at least one 
year of algebra would fit into the second. 
The work should be flexible enough so 
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that these prerequisites are not absolutely 
necessary, but they give the adminis- 
trator some foundation for placing pupils 
in the courses. 

There is not the slightest doubt but 
that everyone who studies mathematics 
could profit by learning part of it by the 
laboratory method. It is far too early to 
assert that itis the only way to teach this 
subject at the secondary school level; time 
alone will determine that. Although it is 
true that the more academic minded, col- 
lege bound students should get the benefit 
of new courses, it is traditional to try 
them out on those pupils who find mathe- 
matics difficult. This is an unfair test. 
When the less facile pupils learn little, 
the conservatives shake their heads and 
say: “I told you that new method was no 
good.” The truth is that the pupils tested 
would have learned even less from the usual 
course and never very much from any 
course. It is not wise at this stage to ar- 
bitrarily state that one certain group 
should study laboratory courses and others 
should study in traditional book-recita- 
tion courses. Both types, of course, have 
their places. 

If the school is large enough one group 
of slower pupils and one group of faster 
pupils should be given instruction under 
each of two classifications: one course for 
those who do not expect to study Mathe- 
matics further, and the other for those who 
do plan to continue Mathematics. By 
observing the progress of these groups 
many questions will be answered. Here 
are some of them. Will laboratory courses 
serve the interests of slow and fast learners 
alike? What will the effect be on the 
mathematically minded as well as on the 
humanists and philosophers? What foun- 
dation for future Mathematics does a 
laboratory course provide? Where is there 
a place in the laboratory type course to 
teach the methods of formal proof? How 
much more difficult will it be to teach a 
laboratory course in private schools where 
the pupils do not, have their homes and 
neighborhoods from which to draw mate- 


rial? In which type of school is such a 
course more important? These and many 
more questions will be asked and an- 
swered, at least in part, with the formation 
and development of such a course. 

Five or six periods a week of fifty min- 
utes or one hour length would be suf- 
ficient to provide continuity. They should 
be arranged in a 1-2-2 or 2-2-2 period 
grouping. The double periods will be the 
only ones permitting work to be set up 
and finished. A single period could be used 
only for explanation, group orientation, 
reading up on subjects to be studied, or 
tests. 

Little group instruction will be possible 
in such a course. The teacher must only 
stand by to give advice and help. Though 
this may sound like a simple task it is 
many times more difficult to keep work 
planned for so many machines running 
down different tracks at different rates 
and to have way to check their 
progress. In order to succeed most of the 
directions must be written up fully on 
mimeographed sheets, and most of the 
tests should be objective, self tests. Ob- 
servation of the student at work will grow 
to be a larger and larger part of the evalu- 
ation. 


some 


For the early drawing exercises very 
explicit directions must be drawn up and 
published. As that work continues, less 
and less complete directions need be in- 
cluded on the written sheet. Toward the 
latter part of the work pupils could be 
told simply to look up a good idea in one 
of the geometry books on the shelf; write 
up their own directions and draw it. The 
groups preparing to work on model mak- 
ing would receive a few introductory lec- 
tures and discussions about the choice and 
manipulation of materials and the pur- 
pose behind the construction of their 
models ... what they are supposed to il- 


lustrate. Former models would then be 
shown, with the explanation that they 
are now part of the permanent collection 
of models at the school. Following this in- 
troductory period, one or two models could 
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be constructed by the whole group after 
which each student would be on his own. 
Some money should be available in the 
budget to purchase materials hard to ob- 
tain, but not too much money. Half of 
the fun and profit is in acquiring the mate- 
rial, but if this search is too rugged many 
will lose interest. Students must be forced 
to plan ahead by submitting requests for 
future models. In addition, a card file of 
models that are needed for the collection 
could be maintained and the student al- 
lowed to choose his or her model from this 
file. 

For those who are performing labora- 
tory experiments with apparatus, it will 
first be necessary to instruct them in the 
handling of equipment and the responsi- 
bility it involves. A sample laboratory 
sheet would be valuable for discussion by 
the entire group, after which each pupil 
would perform a simple experiment by 
following directions supplied on carefully 
prepared laboratory sheets. Then they are 
on their own. For this work it is important 
to have all the laboratory equipment, or 
practically all of it, in the possession of the 
Mathematics laboratory. It should not be 
borrowed from other laboratories. First, 
this gives the Mathematics laboratory an 
importance of its own, taking it out of the 
poor relative class, less fortunate than the 
rich and Chemistry. 
And second, with the pupils planning their 
own work to a great extent, it is necessary 
to have the equipment at hand when it is 
needed, without the inconvenience of bor- 


cousins—Physies 


rowing it from some other section. 

In the physics laboratory it is necessary 
to have enough micrometers on hand to 
supply an instrument for each individual. 
But the mathematics laboratory, where 
measurement is Just as essential and funda- 
mental, usually possesses only one or two, 
regardless of the size of the class. Why this 
difference? Because the pupil in the 
mathematics laboratory is required to 
plan his work so as not to conflict with 
others and consequently different pupils 
use the same apparatus at different times. 
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To aid in this, items of equipment could 
be posted and signed for weeks in ad- 
vance. 

Field exercises would be performed 
under direct supervision at first, next by 
following printed directions, and later by 
using material referred to in books by page 
and number. As the student grows in 
ability exercises could be assigned by sub- 
ject and objective alone, requiring him to 
locate books describing the correct meth- 
od. Finally, verbal suggestions from the 
instructor would suffice. If at the end of 
the course a pupil, looking for a problem, 
approached his teacher and was asked to 
map the area between two nearby roads, 
showing by contour lines the shape of the 
hill between them, and if he, having never 
studied contour lines, started without 
further question to search for the defini- 
tions and methods necessary—any teacher 
would feel more than repaid for the past 
effort expended. As the course becomes 
more advanced, more and more depend- 
ence is placed upon vague suggestions 
which are followed to completion with the 
aid of a very complete library of books on 
practical mathematics. These books should 
be in the same room and as easily avail- 
able as a pencil sharpener or similar tool. 

A bit more must be said about the 
laboratory descriptive sheets upon which 
so much dependence seems to be placed. 
Indeed, it almost sounds as if they do the 
teaching rather than the teacher. Instead, 
they point the way. The work itself does 
the teaching; the teacher standing ready 
to pull the students out of quandaries 
that prove too much for them. The teacher 
must also check the conclusions the stu- 
dents are forming, to be sure the proper 
educational objectives are being reached. 
Otherwise dependence is placed upon the 
printed notes. Work sheets for those tasks 
repeated time after time by different stu- 
dents will describe completely each detail. 
Other sheets which prescribe one time 
tasks, such as the construction of a spe- 
cific model, may be made in outline, omit- 
ting such key facts as the name of the 
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model to be made and the type of material 
to be used. By filling these blanks, differ- 
ently for different students, various lab- 
oratory exercises can be made from the 
same printed sheet. A card catalog can be 
kept of names of available models to fill in 
the blanks and the pupils allowed to 
choose for themselves the one they wish 
to make. If the model, when completed, 
is acceptable for the general collection, the 
pupil would be asked to fill in his name on 
the card and the date the model was made. 
The card would then be transferred from 
the ‘‘Model-to-Make’”’ file to the “‘Models- 
Already-Made’’ file. 

Naturally all pupils must acquire a 
foundation for more advanced and more 
original work. The sheets on each type of 
exercise should be kept by the pupil in a 
notebook for a permanent record of what 
he has covered in the course. Many more 
fundamental and advanced exercises 
should be available than any one pupil 
could be expected te perform. This abun- 
dance allows the teacher to choose suit- 
able material for the individual pupil, 
based upon his abilities and interest. It has 
also another important advantage. A 
teacher may require a certain number of 
exercises to be performed from a list con- 
taining two or three times that number. 
This forces the student to consider the 
importance, difficulty and attractiveness 
of the exercises he wishes to perform. By 
considering his choices the teacher has 
still another means of judging his abilities 
and ambitions. 

Before we leave the mathematics labora- 
tory, however, let us take a closer look at 
it. 

It is a large room, used for nothing other 
than a mathematics laboratory. Here may 
be left, from day to day, the equipment 
and materials used in many experiments 
without fear that they will be destroyed 
or displaced by meddling. It must never be 
just a corner of a room used for some other 
purpose or sight will be lost of the fact 
that the experiments performed there are 
performed for their mathematical con- 


tent, and not to help teachers of other 
courses, nor to give pupils the extra work 
in laboratory manipulation they have not 
been able to do elsewhere. 

Specifically we see, along the windowed 
wall, a sink and table for plaster of paris 
work and a table for wood and metal 
work. Against the wall opposite the win- 
dows are two cases, one for exhibits, the 
other for books. One of the end walls 
supports shelves and cabinets for the stor- 
age of apparatus, the other, map stands, 
storage cabinets to hold posters and 
charts, and a file cabinet. In one corner is 
the desk of the teacher, facing two library 
tables, for student study and paper work, 
one physics table with gas and electrical 
fixtures, one work table, and two drafting 
tables. In addition there are two black- 
boards, one flat and one spherical, anda 
bulletin board. Here, as simply as that, 
we have our Mathematics laboratory. 


VY. ADDITIONAL MATERIAL FOR SENIOR 
YEAR MATHEMATICS 


If the preceding discussion leaves the 
impression that all present day teaching 
of mathematics should be scrapped let us 
finish by mentioning some topics which 
can be used in a senior course of mathe- 
matics as taught in the ordinary manner. 
Most of these topics come from the ex- 
periences of the writer as he has watched 
others in the army struggle with the appli- 
cation of mathematics to every day work. 
These soldiers were learning mathematics 
because they needed it to do their job. 
They never would have learned the theo- 
retical mathematics in school. 

First, however, let us discuss a few 
natural questions about the course. What 
are the advantages of new subjects? Sim- 
ply that mathematics growing from a 
series of practical problems is better re- 
ceived and more easily learned than 
mathematics presented as an exercise in 
logic or a series of brain twisting problems 
the answer to which the teacher knows— 
and the pupil must find. What is the con- 
nection between the philosophy of this 
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new senior year course and the idea of the 
mathematics laboratory course just dis- 
cussed at length? Both demand the pupil 
do something with this mathematics while 
he learns it, and not merely pile up mathe- 
matical knowledge on the faith that some- 
day all this magnificent knowledge will 
come into its own and he will bless the 
teachers who led him through the mys- 
teries. After watching skilled mathema- 
ticians (and mathematics teachers) trying 
to use their mathematics in the army, I 
suspect the uses of mathematics are not 
taught because they not known. 
Teachers would benefit greatly if they 
went out and used mathematics and dis- 
covered how others use it, rather than re- 
maining content with their contemplation 
of its inner beauty, smug in its complete- 
ness and self-sufficiency. 

Who would take this course? Since it 
takes considerable time to delve into ap- 
plications, this course will not give as firm 
a foundation for future mathematics; 
therefore, it will be of greatest benefit to 
high school seniors who do not expect to 
continue with mathematics. It might also 
be adapted for others, and eventually be 
recognized by colleges as a course com- 
parable to those now given. 

What provisions for credit should be 
made in the curriculum? The course 
should be given for a whole year as two 
half courses. It should be parallel to the 
usual offerings of solid geometry, trigo- 
nometry, and advanced algebra. With the 
prerequisites of-one year of plane geome- 
try and two years of algebra this course 
could be allowed the same amount of 
credit toward graduation as any other 
course. Acceptance of it by colleges will 
have to wait for its full development. 

A lengthy text book would be required 
to tell how these subjects should be taught 
or to mention what the complete contents 
of each course should be. But here we are 
interested only in the type of subject. 

What subjects then could be used to 
form units in this new course? The list to 
be discussed is far from complete, it is only 


are 
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a set of suggestions to be tried out. Units 
could be organized, replaced, and shifted 
from year to year to give variety to the 
teacher’s viewpoint. It is very important 
for each teacher to teach something new 
every year—and here is the opportunity. 

Surveying and map making could be 
studied from the book and later applied to 
problems about the school. This is directly 
opposed to the approach of the laboratory 
course. Neither method is the better. For 
quick, complete, and scholastic results the 
“books first and applications later”? meth- 
od is better, but for many the laboratory 
approach is the only one which will give 
any results. Try both methods, there may 
be room in the school for each of them. 

Celestial navigation, as used in ocean 
travel and aviation, is too difficult to teach 
in the laboratory. A theoretical approach 
with models, films, spherical blackboards 
and problems in location at night would 
work much better. Little imagination is 
required in order to realize the importance 
of these problems for later application. 

The prediction of airplane flight or the 
“antiaircraft problem” is a complicated 
combination of solid geometry and trigo- 
nometry requiring a fairly long time to de- 
velop. Its final objective, however, could 
be kept in mind without much trouble. 

Nomographs are becoming more and 
more important to engineers, and might 
be combined with industrial graphs to form 
a teaching unit. It is amazing how those 
in business are unable to show data on pro- 
duction, workload, personnel, fiscal re- 
quirements, unit cost information, or time 
studies in a readable form. They depend 
upon experts to make and interpret graphs 
for them when they could, without too 
much trouble, learn the processes them- 
selves. 

More and more groups are finding the 
analysis of technical statistics required in 
their work, but as yet no suitable course 
is available in either secondary school or 
college. Actually it is a subject well within 
the understanding of the high school 
student. Different kinds of averages, meas- 
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urements of dispersion, and some at- 
tempts at predicting future behavior 
from present data would be a good core of 
material to begin with. 

If the group is interested in science, and 
equipped to wrestle with the material, a 
discussion of radio wave propagation 
would combine the algebra of formulas, 
the physics of weather prediction, nomo- 
graphic charts, two or three dimensional 
graphs, no small amount of electricity, 
and some discussion of Geography and 
Geology. This is a topic not to be ap- 
proached lightly, but it has much mate- 
rial and many rewards for close study. 

On the other hand, a unit in consumer 
Mathematics could be enjoyed, used, and 
understood by all. The basic discussion 
could be about percentage and the various 
types of time-payment plans. Fallacies in 
reasoning would be found which conceal 
absurd rates of interest in simple sounding 
schemes. Other discussions could show the 
advantages of buying in large quantities, 
up to a certain point. Home budgets, in- 
surance plans, annuities, and retirement 
policies could be analyzed and discussed. 

Without straining to include many addi- 
tional topics, these illustrate the types of 
units which could be organized and ex- 
perimented with to show pupils that all 


mathematics textbooks are not transla- 
tions from the Greek, nor all topics in the 
mathematics department the bitter wine 
of mathematicians whose greatest fear was 
controversy, and who, therefore, avoided 
all contact with the world about them. 
Teachers who find their refuge and secur- 
ity in the steadiness, and changelessness 
of mathematics through the ages, should 
be turned out-of-doors in the middle of 
the winter, with no shoes, and only a 
transit with which they must close a 
survey. 
VI. ConcLusIon 

As the reader has already discovered, 
the foregoing discussion stems from the 
ideas collected by a mathematician, who 
is also a mathematics teacher in civilian 
life. During his service in the army he has 
come in contact with many people who 
use mathematics in many different ways. 
Working with them, observing them, and 
listening to them has been a fortunate 
experience. Finally, it became necessary 
for him to put his ideas on paper.* 

Well—here they are. 

* Many thanks are due to Robert F. Purin- 
ton for his help in writing this article. His inter- 
est in the subject and willingness to discuss it 


have constantly forced ideas away from vague- 
ness and toward clarity. 





The Eighteenth Yearbook 


The following review of the Eighteenth Yearbook of the National Council of Teachers of 
Mathematics on ‘“‘Multi-Sensory Aids in the Teaching of Mathematics” appeared in the University 
of Michigan School of Education Bulletin for October 1945. We think it will be of interest to our 
readers. The yearbook can be obtained postpaid from the Bureau of Publications, Teachers College, 
525 West 120 Street, New York 27, New York, for $2.00.—Editor. 

In comparison with aids in some of the other subjects, there seems often to be a bleak paucity 
of illustrative materials in mathematics classrooms. This fine yearbook, prepared by a committee 
under the chairmanship of Professor E. H. C. Hildebrandt of Northwestern University, shows what 
can be used and how to use it. The many articles cover a wide range of topics and the book, appro- 
priately, is well illustrated. There are extensive lists of sources. Principals and superintendents may 
well secure the book and encourage mathematics teachers to enrich the illustrative aspects of their 
teaching. 
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Foreword (prepared by Professor 
M. H. Stone, Chairman of the War 
Policy Committee): The War Policy Com- 
mittee of the American Mathematical 
Society and the Mathematical Association 
of America was formed to study the many 
questions of professional and _ scientific 
policy arising out of the war. No subject 
has been of greater interest or more vital 
concern to the Committee than the rela- 
tions between scientific effectiveness on 
the one hand and the military require- 
ments of the nation on the other. A most 
important aspect of this subject is treated 
in the report on Universal Military Service 
in Peace Time which is now made public. 
This report, prepared some time ago by a 
special subcommittee, is directed in the 
main at points upon which mathemati- 
cians as such are particularly qualified 
to express informed opinions. Whatever 
view may ultimately prevail concerning 
universal military training in peace time— 
and it should be emphasized that there 
are many citizens, mathematicians in- 
cluded, who doubt the wisdom of intro- 
ducing such a peace-time military pro- 
gram—it is clearly of the first importance 
that no program deleterious to the scien- 
tific and technological vigor of the nation 
should be adopted. The report deals 
frankly and in detail with this vital seg- 
ment of the problem now before Congress. 
In offering the recommendations of the 
report as a professional contribution to the 
current discussion, the War Policy Com- 
mittee hopes to render a modest public 
service strictly within the natural sphere of 
its activity. 


* A Report of a Subcommittee of the War 
Policy Committee of the American Mathemati- 
cal Society and the Mathematical Association of 
America prepared in July 1945, by a subcom- 
mittee consisting of Professors W. L. Hart 
(Chairman), Saunders MacLane, and C. B. 
Morrey, Jr., and. approved by the War Policy 
Committee, the Council of the American Math- 
ematical Society and the Board of Governors of 
the Mathematical Association of America. 


Universal Military Training in Peace Time* 





1. INTRODUCTION 

In the Congress of the United States, 
bills are under consideration (S. 188 and 
H.R. 515, companion bills) which would 
prescribe a year of military service in 
peace time for all young men of suitable 
physical qualifications. These bills present 
the nation with a proposal for a funda- 
mental new departure in our national life 
and it is appropriate that the widest 
discussion should occur concerning all 
sides of the situation which would result. 
It is natural that the greater part of the 
arguments pro or con about S. 188 in the 
public press should deal with military, in- 
ternal political, and international aspects 
of the matter. Various spokesmen of the 
general field of education, particularly at 
college level, as well as of specific fields 
of learning have likewise discussed the 
measure under consideration. It is the 
main purpose of this report to state opin- 
ions concerning the impact of compulsory 
military service in peace time on those 
phases of our national life which are of 
primary significance to mathematicians 
and which lie in areas where we may speak 
with special authority. In carrying out this 
aim, it is natural that at times we shall 
phrase remarks from a general educational 
viewpoint not primarily associated with 
the field of mathematics. A summary of 
the opinions advanced in the report is to 
be found in Section 11. 


2. ORIENTATION OF THE REPORT 

In the discussion of any measure like 
S. 188, we may conceive of a division of 
interest between two major questions. 
First, one may ask, “Should the United 
States have universal military service in 
peace time?’ Second, “If Congress is to 
pass such an act, what provisions should 
it contain in order that the greatest pos- 
sible good should be obtained for the na- 
tion as a whole and for the young men 
who will perform the service?” We realize 
that these questions are considerably in- 
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terrelated but, for our purposes, we shall 
act as if they are relatively independent. 
It is probable that the decision on the first 
question should and will be reached 
mainly on the basis of significant national 
and international considerations of a social 
economic, political, and military nature. 
In this connection it is likely that only 
small weight will be given to those points 
where our opinions as mathematicians or 
educators would be of any special im- 
portance as compared to those ideas we 
may express individually as mere citizens. 
Hence we have decided that, in regard to 
the first question and the most intimately 
connected phases of the sécond question, 
we shall make only a single statement. 
We believe that a decision about intro- 
ducing military service in peace time 
should be reached only after an inves- 
tigation by a carefully selected com- 
mission, preferably appointed by the 
President of the United States. We rec- 
ommend that this commission should in- 
clude not only representatives of the 
armed forces but also individuals from 
all other important sections of our pop- 
ulation, with a strong representation 
from the fields of industry, science, and 
technology which have been of such 
great importance during the present 
war. This commission should have the 
wide objective of considering what com- 
bination of universal military service, 
scientific development work on weapons 
of war, and associated industrial and 
educational measures would be _ best 
adapted to insure safety of the nation. 


The balance of this report will be con- 
cerned with matters particularly germane 
to a discussion of the second of the two 
major questions which we have mentioned, 
although we have no intention of consider- 
ing all its aspects. Our remarks will be 
phrased under the explicit assumption 
that universal military service in peace time 
will be adopted. However, this view point is 
not to be taken as evidence that we desire 
or expect a bill suchas 8.188 to become law. 

For future reference, we note that the 
present bill S. 188 includes the following 
features. 


2.1. The bill omits specification of all 
subsidiary values as justification for 
military training and is based only on 
reasons relating to national security and 
the prevention of dissipation of training 
resources and experience. 

2.2 The bill contains provision for a 
period of four years (ages 18 to 22) in 
which the individual may select the year 
for military training. A high school grad- 
uate with his parents’ consent may 
volunteer to start his year of training 
while he is still 17 years of age. 

2.3. The year of training will be used by 
the Army and Navy as a basis for select- 
ing non-commissioned and commis- 
sioned officers. 


3. BACKGROUND RELATING TO THE 
PRESENT WAR 

The importance of technical develop- 
ments of new weapons and tactics during 
the military operations of the last few 
years has emphatically shown that science 
has made a fundamental contribution to 
the military power of the nation. More 
particularly, the abstract science of mathe- 
matics has been put to effective applica- 
tion in a surprising number of fields, in- 
cluding even the extensive use of mathe- 
maticians in operational analysis work 
overseas. These facts are important in the 
formulation of an intelligent long term 
policy for maintaining the nation’s mili- 
tary strength. It can safely be said that the 
military potential of a country does not 
depend solely upon the size and character 
of its armed forces. This potential also de- 
pends largely upon the technical and indus- 
trial talent available and upon the vigor, 
ability, and training of its scientific and 
technical experts. 

Long range military planning, therefore, 

requires that able young men be en- 

couraged both in preparing themselves 

in basic scientific and mathematical 

knowledge and in acquainting them- 

selves with the ways in which this 


knowledge can be put to use in time of 
war or national emergency. 


With the preceding viewpoints in mind, 
we deeply regret to note that the man- 




















power policies of the United States during 
the war have not been well formulated 
with respect to the utilization of men 
trained in science and technology or poten- 
tially able to assimilate such training. 
Draft deferments for the purpose of ob- 
taining certain varieties of technical 
training have been at times difficult and 
often impossible to obtain. Some valuable 
technical men have been wasted in non- 
technical activities and others would have 
been wasted had it not been for the ener- 
getic efforts of representatives of science 
and technology in prodding reluctant or 
unenthusiastic government bureaus into 
action. During the war the United States 
has followed a sadly shortsighted and un- 
intelligent policy with regard to science 
and technology by not providing for ap- 
propriate annual increments of under- 
graduate men to be trained in those fields. 
There are facts at hand which indicate 
that England and probably Russia have 
not made a similar error during the war. 
We agree strongly with the many opin- 
ions which have recently been expressed 
concerning the necessity for prompt re- 
sumption of training for the scientific pro- 
fessions, even before the end of the war 
with Japan. We believe that any addi- 
tional delay in provisions for such training 
may have fatal effects not only on national 
health and the technological side of our 
economy but, also, on our means for fu- 
ture national defense. These remarks are 
well justified by the established facts 
about the present and potential short- 
ages of physicians, dentists, Ph.D.’s in the 
various fields of the physical sciences, and 
technologists. The preceding background 
leads us to the following conclusion. 
We consiaer it very important that 
universal military service in peace time 
should not be planned in such a way as 
to interfere with efforts, first, to elimi- 
nate as quickly as possible the present 
shortage of scientists and technologists 
and, second, to provide for a continuous 


generous supply of such essential cate- 
gories of trained citizens in the future. 
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4. An AttituDE ABouT EXEMPTIONS 
FROM MILITARY SERVICE 


It has been the traditional American 
viewpoint that all men should be treated 
as nearly alike as possible in fundamental 
respects whenever a call for universal mili- 
tary service is issued by our Government. 
It could be argued that this was a major 
cause for some of the shortsighted man- 
power policies of the present war period 
which have been referred to previously. 
However, we believe that it would have 
been possible for Selective Service to have 
been administered during the war with- 
out violating the specified tradition and, 
also, without introducing various major 
evils. This democratic viewpoint is so 
deeply seated that, regardless of whatever 
arguments might be presented against it, 
neither the general public nor the affected 
young men could be expected to give 
friendly support to measures for creating 
numerous exempt classes of the popula- 
tion in case universal military service in 
peace time should be adopted. Realis- 
tically, we appreciate that any request for 
the exemption of mathematicians or physi- 
cal scientists, for instance, could be ex- 
pected to induce requests for the exemp- 
tion of social scientists, and scholars in 
almost all other fields of learning, as well 
as representatives designated by in- 
numerable pressure groups outside the 
field of education. The result of such re- 
quests for exemptions would undoubtedly 
be the creation of an ironclad policy of no 
exemptions. The requests might even de- 
velop an unsympathetic attitude among 
the directors of military service with re- 
spect to rational plans for differentiation 
of training, which we propose to emphasize 
in place of exemptions. 


We shall proceed, then, with the explicit 
premise that it would be undesirable to 
suggest the exemption of men with spe- 
cial mathematical talent and that each 
man, regardless of his abilities, will have 
to spend one year of his life in military 
service. 
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5. A LIBERAL INTERPRETATION OF 
THE Worps “MILITARY SERVICE” 


The present rate of increase in the mili- 
tary uses of science and technology con- 
vinces one that success in any future war 
will be dependent on continued progress 
in science and on the existence of a large 
reservoir of trained technologists. Thus it 
is essential that any program for universal 
military service should be consistent with 
associated plans for the development of 
our scientific and technological potential. 
It follows that the final program should 
not be organized with the narrow objec- 
tives of merely disciplining masses of men 
and preparing them for handling existing 
weapons of war. Hence, the term “‘military 
service” should be interpreted in a liberal 
fashion. 

“Military service’ should include not 

only the usual routine service in the 

Armed Forces but, also, various other 

highly technical forms of training which 

are just as essential for enhancing the 
military strength of the nation. These 
types of service should be made avail- 
able for properly qualified young men 
under some studied system for differen- 
tiation of training in accordance with 
ability. In particular, the system should 
provide appropriate advanced types of 

service in the case of the small but im- 

portant group having special aptitude 

for and training in mathematics, the 
physical sciences, or technology. 


6. CANDIDATES FOR THE Most 
HIGHLY TECHNICAL MILITARY 
SERVICE 


During the present war, under Selective 
Service the Armed Forces have made in- 
telligent efforts to place the inductees into 
various enlisted classifications in accord- 
ance with the abilities shown by the men in 
civilian life and in various tests given by 
the Armed Forces. Also, similar efforts 
have been made to locate men with ap- 
propriate backgrounds as candidates for 
commissioned ranks in various branches of 
the Armed Forces. It should be anticipated 
that these commendable practices in the 
direction of differentiated training would 
continue under universal military service 


in peace time. The Committee then directs 
the main force of its reeommendation for 
differentiated training at the cases of the 
exceptionally superior young men who, let 
us say, have the requisite mathematical 
and scientific aptitude and inclination to 
become Ph.D.’s in mathematics or a 
physical science, or to advance to the high- 
est levels of attainment in an engineering 
field. Under the reasonable hypothesis 
that less than one-third of the men in our 
population with such potentialities finally 
pursue careers in the indicated fields, we 
are led to estimate the number of men of 
this sort available in any annual age group 
at about 3000 men. If we should attempt 
to sift them out of the enormous annual 
group of high school graduates by any 
existing devices for the prediction of 
mathematical or scientific aptitude, the 
percentage of error in diagnosis would be 
very high. It is likely that we would have 
to earmark about 20,000 boys annually in 
order to be reasonably certain that the 
final group would include 90% of the 3,000 
boys whom we have mentioned. Such an 
attempt at selection of 20,000 boys would 
entail severe difficulties in the field of 
educational measurements and also many 
later complications if the members of the 
earmarked group were to be given indi- 
vidual attention during the next four to 
seven years. Our final plan will indicate 
a procedure for obtaining such candidates 
which appears more simple than an at- 
tempt to earmark them at an early age. 
At present we offer merely the following 
conclusion. Among the boys who graduate 
from high school in any year there isa 
group of about 20,000 with such high 
mathematical and scientific aptitude that 
they deserve special consideration under 
any plan for universal military service. 
This group will hereafter be referred to as 
the select technical group. 


7. ADVANTAGES OF DEFERMENT OF 
MILITARY SERVICE FOR THE 
SELECT GrRouUP 


It is likely that any boy in the group 
would graduate from high school by the 

















time he is 18. Regardless of considerations 
related to military service, the rarity of 
the aptitudes present in the group makes it 
desirable that each member should be 
shielded from unnatural influences which 
might lead him away from the fields of 
science and technology where his abilities 
would be so valuable to the nation. We 
believe that he should be encouraged to 
carry out any latent inclination to enter 
upon scientific or technical training. Im- 
mediately after graduation from high 
school, an interruption of a full year in the 
educational process might eliminate or dim 
his embryonic urge to scientific study. The 
interruption would also cause an undesir- 
able break in the important preliminary 
stages of progress in mathematics and 
Moreover, a year of military 
service at age 17 or 18 might expose the 
boy to certain military, social, or industrial 
activities which, although appealing to 4 
youth, could lead him after a few years to 
an undesirably low terminal point outside 
of advanced science or technology, with a 
corresponding loss to the nation. 

If our attention is now fastened pri- 
marily on differentiated training at a high 
level under military service, we can like- 


science. 


wise argue that a delay beyond age 18 in 
this service may be desirable for a boy in 
the select group. When he graduates from 
high school, he will not yet possess the 
requisite mathematical and scientific back- 
ground to be eligible for or to obtain maxi- 
mum good from many of the high grade 
types of differentiated service which can 
be made available. Before he receives col- 
lege training, his possibilities might be 
merely those of an exceptionally intelligent 
young man with latent scientific abilities 
and interests but no particularly useful 
background knowledge. He might even 
gain a permanently wrong orientation 
with respect to various aspects of military 
service where he should eventually become 
most useful to the nation in case of an- 
other war. 

The preceding remarks lead us to advo- 
cate the following flexible provision, similar 
to Item 2.2, in any final regulations gov- 
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erning universal military service in peace 
time. 


The directors of the program should 
have the power to approve a request for 
deferment of the year of service for any 
young man when this is deemed best for 
the interest of the nation. In particular, 
continued efficient progress with high 
achievement in the study of mathe- 
matics, a physical science, or technol- 
ogy, even through the stage of a Ph.D. 
degree, should be considered sufficient 
‘ause for such deferment. 


Conceivable complications in the ad- 
ministration of the rules for deferment 
should not be considered a deterrent to 
the adoption of the preceding recommen- 
dation. It should be possible to develop a 
smooth routine for such a process in peace 
time which would be superior to the 
method employed with respect to draft 
deferments of scientists and scientific stu- 
dents during the war. In this connection it 
is pertinent to observe that a proposal for 
special treatment immediately under Se- 
lective Service for a select group of 20,000 
was presented to Congress recently. 


8. SUGGESTIONS CONCERNING HIGHLY 
DIFFERENTIATED SERVICE 

We proceed under the assumption that 
the deferment recommendation of Section 
7 could be adopted. Then, we propose the 
following rough outlines of a plan for im- 
plementing the suggestions about differ- 
entiated service. 


8.1. A board should be created to can- 
vass the possibilities for in service train- 
ing on intermediate and higher technical 
levels for properly qualified applicants 
and to supervise plans for instituting 
such training. This board should involve 
civilian representatives of the fields of 
mathematics, the physical sciences, and 
engineering, together with representa- 
tives of the armed forces. 

8.2. The search for training locations 
should cover the various laboratories, 
research divisions, arsenals, and other 
technical activities of the Army and 
Navy. Also, the search should extend 
into associated private industries and 
related curricula and research in uni- 
versities. As a mere sample of possibili- 
ties we mention the following types of 
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training which might be given to 
properly selected groups each year. 
8.21. An advanced course in meteor- 
ology for the future use of the Army 
or Navy, along the lines of the cur- 
riculum presented at five major uni- 
versities in the United States during 
the early years of the war, and associ- 
ated field experience. 
8.22. In service training at the Bal- 
listic Research Laboratory of the 
Army Ordnance Department at the 
Aberdeen Proving Ground. 
8.23. In service training in the artil- 
lery fire control division at an ord- 
nance plant. 
8.24. In service training at a labora- 
tory of the Signal Corps, or at an aero- 
nautical research laboratory of either 
the Army, the Navy, private indus- 
try, or a university. 
8.25. Study of the mathematical and 
operational phases of cryptanalysis in 
the intelligence division of the Army 
or Navy. 
8.3. For each of the training possibili- 
ties, the Board should decide upon ap- 
propriate academic prerequisites to be 
demanded of any man who is to qualify 
for the opportunity. These prerequisites 
should probably be much more exten- 
sive than for any similar training during 
the war, because in peace time inter- 
ested men would have ample opportu- 
nity to obtain the necessary background. 
A pamphlet should then be published 
listing the available varieties of techni- 
cal training which might be taken as 
“military service’ so that interested 
boys, even early in their high school life, 
could begin to orient their school work 
with respect to the future opportunities 
in military service. The pamphlet should 
urge boys of proper aptitudes to defer 
their entrance to military service until 
they gain the prerequisites for the type 
or types of service which appeal to them. 
8.4. If administratively possible, assign- 
ments to any one of the most exacting 
and desirable varieties of training should 
be made on the basis of applications as- 
serting definite interest in the field in- 
volved, as well as possession of the 
necessary prerequisites. 
8.5. In addition to the technical train- 
ing experience mentioned previously, 
an appropriate amount of routine 
“boot” training should be given either 
simultaneously with the technical work 
or in a separate period of time during 
the year of service. 
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8.6. The directing Board should exam- 
ine the possibility of granting commis- 
sions in the Reserve Corps of the Army 
or Navy for satisfactory completion of 
certain types of technical training which 
would be available to the most highly 
qualified young men during their year of 
service. Acceptance by a young man of 
the opportunity of such training should 
not commit him to accepting such later 
commission as might be offered in this 
connection. 


9. Crviu1AN EpucatTionaL By-PRopucts 
oF UNIVERSAL MILITARY SERVICE 
If the interesting nature of the various 
technical types of differentiated military 
service, at low or intermediate as well as at 
high levels, and the corresponding aca- 
demic prerequisites are properly adver- 
tised, strong repercussions might occur in 
the field of secondary education. It is 
probable that boys of ability and their 
parents would then demand maximum 
mathematical and scientific opportunities 
in the secondary curriculum for students of 
proper ability. Also, regardless of the pos- 
sibility of differentiated training, it is our 
belief that a requirement of a year of 
military service, with the attendant delay 
in the study of the professions, would 
place an added demand for educational 
efficiency on both the high schools and col- 
leges. The knowledge resulting from a 
brief exposure to substantial secondary 
mathematics or science is easily forgotten. 
On the other hand, a long exposure to 
these fields gives the student a body of 
content which, even though it should re- 
main dormant during a year of military 
service, would be effective in the next year 
after a brief review. 
Hence, if universal military service is 
adopted, added efforts should be made 
in the secondary field to expose the bet- 
ter students to as much substantial 
mathematics and physical science as 
possible. 


10. EDUCATIONAL RESPONSIBILITIES OF 
THE ARMED Forces RESULTING FROM 
UNIVERSAL MILITARY SERVICE 


Even without the delay which would be 
caused by military service, the time for 
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completing professional training encroach- 
es on the age of greatest productivity and 
ingenuity as well as on the normal age for 
assumption of family responsibilities. 
Hence, under universal military service, 
the Armed Forces will be presented with a 
challenge to compensate as much as pos- 
sible for the year of delay which would be 
introduced. It is obvious that the handi- 
‘aps suffered by a young man due toan 
interruption of a year in his formal edu- 
‘ation would be considerably lessened if 
he should systematically carry on cor- 
respondence study during the year. 
If universal military service is adopted, 
the Armed Forces should offer to the 
men in training the fullest cooperation 
and encouragement in the extension of 
their formal education by means of cor- 
respondence courses. At the college 
level, we recommend that this be done 
by paying the registration fees for men 
who take and diligently pursue courses 
offered by regular college correspond- 
ence departments, rather than through 
such an agency as the present Armed 
Forces Institute. 


11. SUMMARY 


In the development of this report we 
have emphasized the following points and 
recommendations. 


11.1. A joint civilian and military com- 
mission should be appointed by the 
President of the United States to study 
the problem of universal military service 
in peace time before final action is taken 
on the matter. 

11.2. An expression of opinions by the 
American Mathematical Society and the 
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Mathematical Association of America 
should be focused on constructive sug- 
gestions about the administration of 
universal military service if it should be 
adopted and about the solution of re- 
sulting educational problems. 

11.3. No outright exemptions from uni- 
versal military service should be re- 
quested. 

11.4. The required military service 
should be highly differentiated in ac- 
cordance with the aptitudes and train- 
ing of the young men involved, with 
emphasis on exceptional differentiation 
for those few with the greatest technical 
abilities. 

11.5. A system for deferring the year 
of military service should be instituted 
so that gifted young men might prepare 
themselves for advanced varieties of 
differentiated service before entering 
the Armed Forces. 

11.6. The possibilities for technical vari- 
eties of differentiated service should be 
‘anvassed by a joint civilian and mili- 
tary board. The resulting training pro- 
grams with the corresponding academic 
prerequisites should be well advertised 
among high school boys, their parents, 
and the teachers and administrators in 
the secondary field. 

11.7. If universal military service is 
adopted, the field of secondary educa- 
tion will have the added responsibility 
of increasing the efficiency and quantity 
of instruction given in mathematics and 
physical science to the students of bet- 
ter than average ability. 

11.8. The Armed Forces should encour- 
age young men to continue their educa- 
tion during military service by taking 
correspondence work through regular 
school channels, and the Armed Forces 
should pay the costs of such study if a 
man carries it through diligently. 





Geometric Spelling 


In my youth someone once told me a very interesting way to spell TOBACCO. When I came to 
the tobacco section of Maryland to teach, I remembered it, revised it slightly and passed it on to my 


Mathematics classes. It is this: 


One perpendicular and a circle complete, two semi-circles with a straight line to meet, an 
acute angle triangle with line segments as feet, two semi-circles and a circle complete.— 


By Mary V. Haile 


Mathematics Interest—Fundamental or Not? 
ByfPaut Torrance 
Adjutant General’s School, Ft. Oglethorpe, Ga. 


SEVERAL YEARS of teaching mathe- 
matics and counseling high school and 
junior college students has often influ- 
enced me to wonder if there is such a 
thing as a “fundamental” interest in 
mathematics—or any other subject for 
that matter, but especially mathematics. 
Has a student by the time he has reached 
high school or junior college even ac- 
quired such a set of likes and dislikes that 
he has become the kind of person who 
cannot become interested in mathematics 
on the one hand or is the kind who is 
naturally intensely interested in it on the 
other hand? 

In vocational counseling it has been 
fairly well established that we cannot rely 
too much upon the expressed interests of 
our counselees. These expressed vocational 
choices or likes and dislikes we have found 
are often very superficial and may be 
highly colored by a single incident which 
has occurred in some connection with that 
interest. It is of course recognized that ‘‘an 
interest is not a separate psychological 
entity but merely one of several aspects of 
behavior” and is an expression of satisfac- 
tion but not necessarily one of efficiency. 
Research has indicated, however, that 
there is some relationship between inter- 
est and ability and certainly between in- 
terest and vocational success. 

Could the same be true regarding inter- 
est in school subjects? Does the student 
who says, “I hate mathematics!’’ really 
have this strong a dislike for mathematics 
or could he be fundamentally the kind of 
person who would really like mathematics 
if given the proper stimulation and “re- 
conditioning’’? It seems possible that such 
a superficial dislike could have been con- 
tacted through some such factor as parental 
attitudes, a poor or unenthusiastic teacher 
somewhere along the line from kinder- 
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garten up, an uninspired or unenthusiastic 
teacher at the present time, or some single 
unfortunate experience relation to 
mathematics. 

On the other hand, what of the student 
who says, “I am crazy about mathe- 
matics!’’ Does he really mean it or might 
not this too be only “skin deep’’? Is he 
really the kind of person whose interest 
is genuine and who will continue to like 
mathematics? Or is his interest only a su- 
perficial thing stimulated by superficial re- 
wards, social or family approval, or some 
other external factor or factors? 

The research concerning vocational in- 
terests has been quite extensive and there 
are now on the market several quite useful 
vocational interest tests or inventories. 
Over ten years of extensive research in 
which many thousands of men and women 
have participated are back of Strong’s 
Vocational Interest Blank and it has be- 
come a very useful tool of the vocational 
counselor. 

The research regarding interests in 
school subjects does not seem to have 
stimulated very much research. Most not- 
able have been those who have employed 
an attitudinal approach to interest in 
school subjects. In such an approach, again 
there seems to be too much opportunity 
for the superficial aspects to enter the 
picture—such things as a highly colored 
attitude stimulated by teacher-pupil con- 
flicts, overemphasis, parental prodding and 
the like. 

The present investigation undertakes to 
employ a somewhat similar approach to 
interest in mathematics as Strong has 
employed to vocational interests. Strong 
contends that knowledge of several hun- 
dred likes and dislikes provides a much 
better basis for estimating past and future 
behavior when based on the statistical 
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analysis of hundreds of cases. The inven- 
tory used in this study is composed of one 
hundred items selected largely from the 
most significant items on the scale for 
mathematicians from Strong’s Vocational 
Interest Blank. The subjects of the study 
were 500 high school and junior college 
students enrolled at Georgia Military 
College in 1944. The form in which the 
inventory was administered is almost iden- 
tical with that of the Strong Inventory. 
In compiling a tentative scoring key, a 
score of two points was assigned to those 
items weighted most heavily on Strong’s 
scale for ‘“‘Mathematician” and one point 
to items considered significant but not so, 
heavily weighted. Scoring was made very 
simple by using two stencils, one for the 
items having double value and another for 
the other items. 

After the inventory had been adminis- 
tered to about 500 students and scored ex- 
perimentally a survey was made of the 
mathematics records of those ranking in 
the upper ten per cent on this scale and 
those ranking in the lowest ten per cent. 
Of those ranking in the upper ten per 
cent, only three had ever failed any 
mathematics even for a quarter and only 
one had failed a course. The majority of 
this group had averaged ‘‘A’s”’ in all high 
school mathematics and the average of 
the whole group was “‘B.”’ It was also 
interesting to note that the two students 
making the two highest scores were clearly 
the two most outstanding mathematics 
students in the school; both took the Col- 
lege Entrance Board Examinations and the 
first ranked in the upper one-half per cent 
and the other ranked in the upper seven 
per cent in this competition. 

Of those in the lowest ten per cent, only 
four have escaped thus far without failures 
in mathematics; however it was noted 
that each of these four students rated 
considerably above average in aptitude 
and that their grades without exception 
were much lower in mathematics than in 
other subjects. The fifty students in this 
lowest ten per cent have already failed 
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mathematics for a total of 165 quarters 
or an average of 3.3 quarters per student 
and thirty-five per cent of these were only 
in first year high school mathematics. 

The scale was also administered to the 
members of the faculty and consistently 
higher scores were made by those who had 
majored in mathematics or had studied 
considerable mathematics in college. 

As a further check on the validity of 
the measure a study was made of 88 stu- 
dents who had just taken the Kuder 
Preference Record. When the scores on this 
scale were correlated with the scores on 
the “computational” interest scale a co- 
efficient of correlation of 0.31 was ob- 
tained and when correlated with the 
“scientific interest’”’ score a coefficient of 
correlation of 0.50 was fund. 

The scale was also employed in a special 
study of the prediction of success in plane 
geometry. The coefficient of correlation 
between the score on this scale and suc- 
cess in plane geometry as measured by 
teachers’ marks was 0.40 and as measured 
by the Cooperative Plane Geometry Test was 
0.30. When it was combined with other 
prognostic measures it improved their 
predictivity considerably in most cases. In 
this study, although the scale did not 
correlate very closely with success, it 
seemed to have significance for counseling 
especially at both extremes and seems to 
correlate more closely with grades as- 
signed by teachers than with achievement 
tests. It was also indicated that it seemed 
to be helpful in diagnosing difficulties of 
students lacking in this interest and also in 
identifying those whose interest in mathe- 
matics has been formant. If predictive 
measures are to be used clinically in pre- 
diction, remediation and counseling it 
seems to be one of the most important 
factors. Wherever there are wide discrep- 
ancies between aptitude and achievement 
in many cases the interest factor seemed 
to be an important one—the measure 
which seemed to explain the discrepancy. 

After the items in the inventory had 
been scored experimentally the validity 





of the individual items for measuring in- 
terest in mathematics for high school and 
junior college boys was checked by com- 
paring the responses made by the fifty 
students having the highest scores with the 
fifty having the lowest scores. By a process 
involving this procedure the scale has been 
reduced from 100 to 75 items which give 
evidence of being valid for discriminating 
between mathematicians and non-mathe- 
maticians as determined by Strong’s re- 
searches and between teen-age boys who 
have strong interest in mathematics from 
those who seem to have weak interest. The 
items eliminated, while they distinguish 
between the interests of men who are 
mathematicians and those who are not, 
do not have this ability when applied to 
teen-age boys. Maturity and experience 
are probably the determining factors here. 

Examples of how these differences op- 
erate may be noted by examining the 
twenty-five items eliminated: 

Aviator 

Army Officer 

Certified Public Accountant 

Reporter, sports 

School Teacher 

Secretary, Chamber of Commerce 

Secret Service Man 

Statistician 

Military Drill 

Music 

Hunting 

Educational Movies 

Golf 

Art Museums 

Entertaining others 

Teaching Children 

Teaching Adults 

Meeting and directing people 

Drilling soldiers 

Methodical work 

Energetic people 

Optimists 
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Carelessly dressed people 
Athletic men 
People who have done you favors 


Examination of these items reveals that 
in many of them typically ‘adolescent 
boy interests’ are operating—an ex- 
pressed like for the exciting and dislike 
for occupations and activities accounted 
dull in the estimation of adolescent boys. 
For example more boys who had high 
scores thought that they would like to be 
aviators than those who have an aversion 
to mathematics even though the reverse 
is true when applied to mathematicians 
and non-mathematicians. The same was 
true for army officer, military drill and 
drilling soldiers. In these cases the environ- 
ment of a military school may have been 
a determining factor. In other cases lack 
of vocational information may have been 
an important factor as possibly for statis- 
tician, certified public accountant, secre- 
tary of Chamber of Commerce. 

Although the implications are not clear 
the evidence seems to indicate valuable 
possibilities for the development of inter- 
est scales for various subject matter fields 
along lines different from the attitudinal 
approach of Remmers and others. Such a 
tool should supply information of tre- 
mendous value in clinical counseling and 
in the selection of curricula for individual! 
students. In addition such a project should 
supply data for the construction of a too! 
for the vocational counseling of high 
school boys; it seems fairly certain that the 
Strong Vocational Interest Blank does not 
serve this purpose too well; some of the 
reasons might be those indicated in this 
study. 





Be sure to attend the Annual Meeting of The National Council of Teachers of 
Mathematics at The Hotel Statler in Cleveland, Ohio on Friday and Saturday, 
February 22 and 23! 
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The Fallacy of Social Arithmetic 


By Harry G. WHEAT 


West Virginia University, Morgantown, W. Va. 


Ir 1s AXIOMATIC that when a theory 
concerning education sounds too good the 
teacher should be suspicious of it. For a 
decade the theory of social arithmetic has 
been sounding too good,—much too good. 
It embodies an esaily understood method 
of instructing pupils in arithmetic. It sug- 
gests an already familiar content. It 
supplies meaning much as a gift to be 
accepted instead of an achievement to be 
striven for. In short, social arithmetic is a 
ready-made answer to the problems that 
confront the teacher. He does not need to 
turn to the back of the book. Indeed, he is 
supplied the answers before he meets the 
problems. It is about time for the teacher 
to become suspicious. It is about time for 
him to inquire what social arithmetic is 
and how it got that way. 

1. What is social arithmetic? Social 
arithmetic is the arithmetic that grows out 
of the social situations with which the 
pupil comes in contact. In each, there is a 
number element which is a characteristic 
feature. In each, there are number con- 
cepts which play important parts in deter- 
mining the total form of the situation. 
These—the number element and the num- 
ber concepts—stand out so clearly as to 
make them easy to recognize. (That is to 
say, the mature teacher can recognize 
them with ease; therefore, so can the im- 
mature pupil.) All that is required is that 
the pupil have experience with social situ- 
ations. The logic is simple: (1) Number is 
present in social situations; (2) experience 
with the situations implies experience with 
the number elements therein; (3) number 
concepts (like wet paint) adhere upon con- 
tact. 

Moreover, social arithmetic is the arith- 
metic of meaning. Here, again, the logic 
is simple: (1) Experience with social situ- 
ations provides meaning; (2) the meaning 


so acquired attaches to whatever is de- 
rived from contact with the social situa- 
tions; (3) number concepts are so derived; 
and so (4) the experiencing learner ac- 
quires both the number concepts and their 
social meanings. 

The theory of social arithmetic greatly 
simplifies the procedures of instruction. 
Since the pupil’s experiences have already 
provided number concepts and _ their 
meanings, all that is required of the 
teacher is to make the pupil aware of 
what he already possesses. The reason for 
the requirement is not entirely clear to the 
true believer, yet the requirement is gen- 
erally accepted and met. It is accepted be- 
cause certain computational skills are con- 
sidered important and awareness of their 
value in advance is said to provide moti- 
vation. It is met through the process of 
recalling experiences already gained. 

There are, of course, gaps in the experi- 
ences of the pupil. These the teacher must 
aid the pupil to fill, if not always with 
direct experiences, then with experiences 
that are indirect. Thereby the pupil may 
round out his number concepts and ac- 
quire the motive for the needed skills 
which otherwise might be by-passed. 

How may the teacher know that gaps 
exist in the experiences of the pupil? How 
does he know what skills are needed? By 
what procedure does he undertake to de- 
velop skills? When we raise these ques- 
tions, we are at the point of discovering 
why social arithmetic is only one of the 
two branches of the school arithmetic 
that is advocated by the social arithme- 
ticians. We discover beside social arithme- 
tic a divergent branch which is called, of all 
things, mathematical arithmetic! 

2. What is mathematical arithmetic? It 
appears at first glance that the use of the 
term mathematical arithmetic is just an ex- 
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ample of “gilding the lily.”” Or it seems 
that the term has no more use, or value, 
or sense than would “linguistic speech”’ 
or “harmonic music.”? But when we look 
closely, we discover that mathematical 
arithmetic is called mathematical presum- 
ably because it is non-mathematical. The 
logic here is somewhat obscure, but the 
fact is plain. Though mathematical arith- 
metic is mathematical in form and sequence 
it is generally non-mathematical in sub- 
stance, rather in its lack of substance. 

The substance, that is, the meaning, of 
arithmetic is not looked for in mathe- 
matical arithmetic. Why should it be, when 
it is held that it is the social phase that 
provides meaning? Do not number con- 
cepts issue from the experiences of the 
pupil with social situations? There is then 
no need to turn to mathematical arithmetic 
for ideas that are supplied elsewhere and 
by different methods. Thus we reach the 
paradox that the simplest of the sciences 
may lay no claim to meaning except such 
as issues upon it from the complexities of 
accidental experience. 

But mathematical arithmetic has its uses. 
Without it the school course in arithmetic 
would not be complete. In the first place, 
it is a compendium of all the skills the 
pupil needs to acquire and it suggests the 
gaps in his everyday experiences which 
need to be filled by experiences that may be 
less direct. Secondly, it has a distinguish- 
ing method quite distinct from that of its 
social partner. The method of mathemati- 
cal arithmetic is the method of drill,— 
meaningful drill, to be sure, with its 
meanings supplied from sources apart 
from it and outside of it. 

Thus in our school arithmetic presented 
to us today,—in prefaces to textbooks, in 
courses of study, in discussions before and 
among teachers, and elsewhere,—as a bi- 
furcated design. Thus is our school arith- 
metic a set of parallel paths over which the 
pupil must travel. The chief difl.culty of 
the teacher appears to be that of seeing 
that the pupil is constantly stepping back 
and forth from one path to the other. 





There is, on the one hand, mathematical 
arithmetic with its method of drill, and, on 
the other, social arithmetic with its method 
of recalling and providing experiences. 
How to teach arithmetic is no longer a 
problem. It is merely a difficulty of main- 
taining a balance. Both phases of arith- 
metic must be properly emphasized, we 
are told; both paths must be traversed. 
Over the one, the pupil acquires skills 
without meanings; over the other, he 
gathers meanings without skills. 

Not all who bill the school course in 
arithmetic as a double feature repudiate 
the mathematical half as a source of 
meaning. There are those who announce 
the mathematical half as the supplier of 
meaning and the social half as the sup- 
plier of significance. Thereby they lead 
themselves into error. Having given the 
social importance of arithmetic a promi- 
nence coordinate with meaning, they 
frequently find it reasonable and them- 
selves impelled to consider the pupil’s 
possession of the former outcome the mo- 
tivating drive for his pursuit of the latter. 
Meaning thus becomes a consequence of 
significance. The step to subordination is 
short. Moreover, having adopted the 
social half of their program in order to 
supply significance, they thereby and at the 
same time take a position from which it 
is most difficult to envisage social situa- 
tions as the developers of meaning else- 
where gained. The view they miss will be 
indicated in a later topic. 

A curious process of reasoning justifies 
the arithmeticians just described in the 
position they take. At the outset, they 
repudiate social arithmetic as the product 
of an extremely narrow view. They will 
have none of it. Instead, they will have an 
arithmetic which is designed to develop 
meaning,—number meaning. At this 


point, they seem to regard their view 
likewise limited. It embodies thus far only 
the mathematical aim, or the mathematical 
phase, of arithmetic. For a complete arith- 
metic there must be added a co-ordinate 
social aim, or social phase. Finally, they 
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reach the point where they view their 
social aim, or social phase, in a superior 
light. Here, finally, they are ready to jus- 
tify their mathematical aim by the impor- 
tance of their social aim; for, as they seem 
to size up the matter, it is the value of the 
social phase that makes it worthwhile to 
have the mathematical phase at all. It 
would appear to the outsider looking in 
that they are back with the original 
social arithmeticians,—not as far back, 
since they find a meaning in their mathe- 
matical phase which the social arithme- 
ticians do not sense, but back, since the 
meaning they do find seems to them to be- 
meaning of limited value. 

3. Why do we have social arithmetic? 
For a generation, at least, the theory of 
social arithmetic has been with us. At the 
outset, it served as a means of determining 
the kinds and amounts of arithmetic to 
teach. Thus, the arithmetic that was con- 
sidered “socially useful’? was recommended 
to be taught. As a consequence, much of 
arithmetic was excluded, or stood in dan- 
ger of being excluded, from the course. A 
contending theory held that certain rela- 
tions existed between the parts of arith- 
metic, and that in an emasculated pro- 
gram these relations would be lost with 
the result that even the “socially useful”’ 
parts could not be effectively taught. 

In time, the theory became much as it 
is today and not without reason. In the 
widely used drill method of instruction, 
meaning for the pupil was conspicuous by 
its absence. It seemed important to supply 
meaning. In social arithmetic number 
meaning was clearly evident—evident, as 
already suggested, to mature individuals; 
in this case, arithmeticians who were con- 
cerning themselves about the school 
course. Thus, since social situations held 
number meaning which they could appre- 
hend, social situations were considered to 
hold number meaning which the untrained 
pupil could apprehend. Hence, the theory 
developed as one which should supplant, 
or supplement, the drill theory. 

Today, we think we have outgrown our 


earlier shortcomings. We think we have a 
new arithmetic—a meaning arithmetic. 
This new arithmetic of meaning is in- 
tended to supplant the older styles with 
their somewhat violent oscillations be- 
tween the extremes of the drill method and 
the incidental method. We will abandon 
these two older fashions, say the Tenth 
Yearbook and the Sixteenth Yearbook. We 
will have a meaning arithmetic—an arith- 
metic which is half mathematical and half 
social. Should not the teacher at this point 
be permitted an honest doubt? How do 
you get a new garment by sewing together 
two outworn pieces of cloth? How do you 
abandon two insufficient methods by com- 
bining them? A double negative may be an 
affirmative, but when you add two nega- 
tives the result still is negative. 

4. Can the doubter be interested in mean- 
ing? The teacher who gives expression to 
such doubts as have just been indicated 
throws himself open to misunderstanding 
of his motives. He will be criticized as one 
who attacks the effort of the school to 
provide meaning and understanding for 
the pupil. Does he not attack social arith- 
metic which is the source of meaning? Does 
he not advocate mathematical arithmetic, 
which is nothing but skill and drill, and 
devoid of meaning except 





such as is 
brought to it? In answer, it may be sub- 
mitted that his expression of doubt is the 
best possible evidence of his interest in 
providing meaning and understanding for 
the pupil. 

In mathematical arithmetic, narrowed 
down as it now is in theory and practice, he 
discovers the same absence of number 
meaning for the pupil as do the social 
arithmeticians. In social arithmetic, inter- 
preted as a way of learning and teaching, 
he discovers a like absence of meaning. In 
social arithmetic, interpreted as the experi- 
encing of social situations, he discovers 
number meanings, but only such number 
meanings as the trained individual has 
first brought to them and then perhaps 
has developed in them. 

The teacher who ventures a doubt about 
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the present bifurcated program in arith- 
metic that is gaining such wide-spread 
advocacy is interested in helping the pupil 
to gain number meaning. He sees a fallacy 
in the current theory of social arithmetic. 
He suggests that for the pupil to gain num- 
ber meaning the pupil should be taken to 
the place where number meaning is to be 
found and there set to work. 

5. What is the fallacy? The fallacy of 
the theory of social arithmetic has already 
been mentioned. It is the fallacy of reading 
into the attitude of the untrained pupil the 
point of view of maturity. In social situa- 
tions number relations and their signifi- 
cant social values are recognized by the in- 
dividual who has been trained to recognize 
them. To him social situations present 
number meanings and number significa- 
tions which, if he wishes, he may abstract 
therefrom. There is thus some excuse for 
his belief that what he can recognize any- 
one can recognize, that what he can with- 
draw for study anyone can withdraw for 
study. It is a human frailty to assume that 
the world without appears the same to all. 
Notwithstanding, the assumption is a 
mistaken one. 

Of course, there is number meaning in 
social situations for a person,—just as 
much as he has put into them. Also, just 
this much he can withdraw. It is some- 
thing similar to withdrawing money from 
the bank. Anyone can do it, provided 
that first he has deposited money in the 
bank. The bank is not a source of funds, 
at least not for the common man. He must 
gain his wealth elsewhere. Then, and only 
then, may he make a deposit which, let us 
remember, is the necessary prelude to 
withdrawal. What one may withdraw is 
no greater than his deposit plus, of course, 
its accumulated interest. Similarly, there 
may be a growth of deposits of number 
meaning in social situations. But the first 
requirement is number meaning to deposit 
followed by the deposit of number mean- 
ing. 

The analogy which has just been drawn 
does not suggest that because the local 


bank is not an original source of wealth a 
person should be opposed to banks. Banks 
are depositories of wealth. So are social 
situations. They, much more than do the 
banks, develop wealth. But, again like 
banks, they do not supply the original 
capital. Those who are wise seek to create 
their capital outside the banks through the 
employment of methods that are less sim- 
ple than that of writing a check. 

6. How may the pupil gain number mean- 
ing? The pupil gains the meanings of the 
number processes through guided, system- 
atic study of number processes. The guid- 
ance and the systematization must be 
supplied by his teacher. The studying he 
must do himself. There is no shorter, 
simpler, easier, more glamorous road. The 
scenery along the way may have its at- 
tractions, but the pupil does not move 
ahead while he stops to enjoy the view. 

Thus, to gain the meaning of division, 
for example, the pupil must study division. 
Let us observe how, guided by the 
thoughtful teacher, the study may get 
under way, and a point or two to which it 
may lead. 

From the outset, what the division ques- 
tion asks must be perfectly clear. “How 
many twos are there in six?,” for example, 
would need to be illustrated again and 
again by an actual division of a group of 
six into twos, and the pupil’s attention 
would need to be guided to the required 
dividing that is demonstrated. Though the 
work of dividing may need to be done for 
him, the work of studying the division is 
nevertheless his own. Thus, from the very 
beginning, the pupil must determine the 
answers to all questions: ‘“How many are 
here altogether?” ““How many are here by 
themselves?” “And here?” ‘And here?” 
“Now, how many twos are there? Count 
the twos you see.”’ 

As the division question and what is re- 
quired to determine its answer become 
clear, the pupil takes over the actual divi- 
sion of the group of six into twos—step by 
step, determining each partial answer until 
he arrives at the final answer. Somewhat 
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later, he can be sure of the final answer by 
short-circuiting some of his original work, 
that is, by thinking the division without 
actually doing it. Still later, he can be sure 
of the final answer entirely as a matter of 
thought, that is, without any reference at 
all to the actual grouping of objects. Fi- 
nally, the pupil is able to carry his division, 

the requirement of it, how to do it, and 
what it is when done,—to the social situa- 
tion of six lollipops tied together and 
draped on the Christmas tree in groups of 
two. 

The procedure in studying division is 
not from the concrete to the abstract. At the 
outset, the effort is made to reduce the 
concrete necessities to the barest mini- 
mum. Thus there is avoided all reference 
to the social obligations of sharing the 
lollipops, or the expenses of a picnic, or 
the profits and losses of an enterprise. The 
purpose is to exclude as much as possible 
all interesting distractions in order that 
the pupil may devote his attention to 
division. The objects used to demonstrate 
the division to be performed and how it is 
performed and to make possible the pupil’s 
performance and study are, of course, 
concrete. But their concrete qualities are 
not referred to,—their color, shape, size, 
weight. Indeed, such objects as possess the 
fewest possible concrete qualities to at- 
tract are selected. Moreover, the teacher 
asks no questions about the objects. The 
pupil does not study them. The teacher 
inquires about division, and it is division 
that the pupil studies. The idea of division 
is abstracted, that is, “drawn from,” its 
conerete surroundings and made the ob- 
ject of attention and study. Thus, at the 
outset, the pupil does not deal with the 
concrete. He deals with the abstract, 
namely, division and what he has to do 
when he divides. His performance is one of 
abstraction—abstraction of the simplest 
possible sort. 

The study proceeds from simple ab- 
stractions to those that are less simple 
and more and more complex. Soon actual 
divisions of actual groups are not needed 


for the study. Step by step, slowly but 
surely, if his study is well managed, the 
pupil moves along to the idea of dividing 
into equal parts, of dividing tens as he has 
learned to divide ones, of dividing by tens, 
of making comparisons through divisions, 
and of using divisions, rendered into frac- 
tions and per cents, as relational ideas. 
Step by step, the pupil builds up his store 
of meaning of division by studying divi- 
sion. 

The study of division extends at each 
step into the concrete. Social situations in 
which the idea of division appears in vari- 
ous guises are presented for the pupil to 
consider. They each confront the pupil 
with a question, commonly called a “‘prob- 
lem,” which requires the recognition of 
division for its proper answer. They are, 
at the outset, familiar situations, situa- 
tions which do not need to be studied. Be- 
ing familiar, they make the idea of divi- 
sion, which is their central characteristic, 
easy to recognize. Through the challenge 
which they make, they encourage repeated 
recognitions of division and thereby help 
to make division a much more familiar 
idea than it otherwise could possibly be. 
Through repeated recognitions, the idea 
finally becomes so familiar to the pupil 
that he can recognize it anywhere, even in 
situations which are relatively unfamiliar. 
At this point, step by step, the study of 
division may extend to new and less sim- 
ple and more concretely complex situa- 
tions, situations which need to be studied. 
Here may be noted a double movement of 
meaning or of the recognition of meaning. 
The pupil’s familiarity with division helps 
him to grasp the meaning of the new situa- 
tion, and the new situation extends his 
practice in studying division. 

The central purpose of the pupil’s exer- 
cises with social situations is to extend his 
method of studying division. The study of 
the situations is a means, not basically the 
end. The end sought is a fuller and richer 
meaning of division than would be pos- 
sible without the extended means of study. 
Such fuller and richer meaning is not sup- 
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plied from and by the situations them- 
selves, but from the entended study. The 
situations are important for the study, be- 
cause they present division in a varied en- 
vironment and in an ever-changing dress. 
Through the service they render, they are 
supplied meaning by the idea of division. 

What has been said about the develop- 
ment of the meaning of division through 
the study of division applies to the de- 
velopment of the meaning of all the gen- 
eral ideas of arithmetic, whether they be 
addition and average or partition and per 
cent. 

What the pupil can do with his develop- 
ing meaning as he gets it has been indi- 
cated. Step by step, he is able to carry it, 
—first, his simple meaning and, later, his 
fuller and richer meaning,—first, to simple 
social situations of which division is an 
element and, later, to more and more com- 
plex social situations. He can do this step 
by step, as indicated, because when his 
meaning is scant and simple, his teacher 
selects as the objects of application simple 
situations that have few concrete qualities 
which may distract, and reserves for later 
application, when meaning is fuller and 
surer, the more complex situations possess- 
ing concrete qualities sometimes confusing 
in their abundance. 

The meanings of numbers are gained 
likewise—through guided, systematic 
study of numbers. The pupil may study 
numbers through the thoughtful combina- 
tions and separations, in additions and 
multiplications and in subtractions and 
divisions, respectively, first, of actual 
groups and, later, of the ideas of groups in 
terms of the standard group of ten. He 
should perform these combinations and 
separations, if it is intended that he should 
study numbers, not as exercises of drill for 
skill, but as deliberate, thoughtful exer- 
cises to determine the sense of the answers 
that result. Skill will eventually be a by- 
product, but it is important only as an 
accessory after the fact. Applications are 
possible at every step of progress, but they 
are mere immediacies. The essential proc- 
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ess is the process of studying numbers. As 
a consequence, the thoughtful teacher will 
guide the pypil’s study of numbers in the 
manner indicated until the point of di- 
minishing returns is about to be reached 
and then the thoughtful teacher will in- 
duct the pupil into methods of study that 
are more advanced. Such have already 
been indicated. They are the methods of 
studying numbers through comparisons 
and by means of relational ideas. 

7. Why not substitute the study of social 
situations? Much study is a weariness of 
the flesh. Let us reduce it by substituting 
the study of social situations for the study 
of numbers and number processes. Is it not 
social situations that are important? Why 
not then make them the objects of study? 

Social situations,—many that the pupil 
has already met and many that he as a 
maturing citizen must eventually meet,- 
are important. They have a double im- 
portance. In the first place, they develop 
the number meanings which the prepared 
pupil may bring to them or recognize in 
them. They furnish a kind of interest pay- 
ment upon the meanings which are 
vested in them, and the amount of the 
interest is somewhat in proportion to the 
amount of the investment. They con- 
tribute to such number meanings by the 
enlarged and advanced opportunities they 
provide for furthering the study of num- 
bers, number processes and number rela- 
tions. They give the pupil the chance, if 
and when he is prepared to take it, of 
bringing his number thinking, such as he 
has developed, out into the complex and 
concrete realities of everyday life. 

Secondly, social situations are impor- 
tant in their own right. The point need 
not be argued. Social situations are recog- 
nized as constituting the expanding social 
world into which the pupil is gradually 
moving. He cannot by-pass them. He may 
even be swallowed up in them. To move 
through them, however, he must be intel- 
ligent about them. In his private life he 
may gain satisfactions and in his public life 
he may meet his responsibilities in the 
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degree that he is able to assess and there- 
by bring into orderly relation the social 
situations that surround him. 

Social situations have to be studied. 
Each is a complexity of many elements 
which appear in varying relations and 
proportions. Each is thus a fluid com- 
plexity assuming many particular forms. 
Social situations are hard to fit into a 
given mold; they are difficult to handle 
according to rules. To be understood, 
therefore, they must be taken apart and 
their inner operations subjected to critical 
view. 

Social situations are apprehended and 
thus become objects of study in the degree 
that the number relations that character- 
ize them are apprehended. Number is so 
much a part, so much the very essence, of 
social situations that an understanding of 
the one is a required preliminary to the 
understanding, even the contemplation, of 
the other. Social situations are social ac- 
cording to the number of persons that are 
involved; they are situations because the 
number of persons involved, the number 
of activities employed, the number of dol- 
lars expended, and the numbers of other 
factors that are present, appear in unpre- 
dictable, fluid, and evasive relations. They 
are situations to those who are able to 
sense the challenge they offer to bring their 
elements into balance. 

Instead of social situations supplying 
meaning to number, exactly the reverse is 
true. Though they provide a medium in 
which number meaning may develop, they 
depend upon number for such meaning as 
they have or may finally come to have. For 
example, the fact of ‘sharing,’ which is a 
part of everyday experience, does not 
make division clear. It does not make it- 
self clear. Instead, it is the idea of division, 
such as the pupil at the time may possess, 
that gives the fact of ‘‘sharing’”’ the mean- 
ing it can have for him. Even the social 
implications and obligations of ‘‘sharing’’ 
remain nebulous to the pupil, however 
much his teacher may expatiate upon 
them, until his idea of division gives them 
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an outline and a perspective. To illustrate 
further, consideration of installment buy- 
ing does not supply meaning to percent- 
age. Indeed, without the meaning of per- 
centage consideration of anything other 
than the surface, objective features of in- 
stallment buying is an impossibility. The 
pupil, | ke the credulous customer, may be 
told the cost of the conveniences of install- 
ment buy ng, but what the cost is as a 
relational amount is not self-revealing. 
The pupil must become as the wise cus- 
tomer by getting in his possession the idea 
of relational amounts if he is to be ex- 
pected to gauge costs in their true propor- 
tions. 

The study of social situations cannot 
substitute for the study of number and its 
processes and relations. It is naive to sug- 
gest that social situations can be studied 
in dissociation from the number relations 
that give them their character. It is 
thoughtless in the extreme to suggest that 
any such attempt will produce number 
ideas for the non-possessor. The social 
arithmeticians are correct in recognizing 
a movement of number meanings with re- 
spect to social situations. Their mistake is 
in trying to reverse the direction. 

8. Why have a double aim? What has just 
been said applies, though in less degree, to 
those arithmeticians who would divide 
arithmetic into a mathematical phase and 
a social phase. They make the same mis- 
take as do the social arithmeticians, though 
in less degree, of undertaking to substitute 
the study of social situations for the study 
of number and its processes and relations. 
They seek to foster the study of number, 
it is true; but they are inclined to turn 
their pupils quickly to the study of social 
situations. They have their reasons. In the 
first place, they desire to stimulate the 
study of number by the drive of a previ- 
ously gained social motive. In the second 
place, they fear that an over-enthusiasm 
for the development of number meaning 
may lead to a neglect of social situations. 
Finally, they are concerned with the belief 
that the pursuit of number meaning is 


34 


bound to be narrowly conceived, ‘‘nar- 
rowly mathematical,” and ‘abstract’? or 
meaningless, without generous applica- 
tions of social significance as an alleviating 
factor. 

The least than can be said in criticism 
of the reasons that are commonly ad- 
vanced in favor of a double aim for arith- 
metic is that they represent very poor 
timing. Impatience to pursue the social 
aim can result in nothing less than that 
both the mathematical aim and the social 
aim, whatever they may turn out to be, 
will be disturbed. The mathematical aim 
will suffer through partial neglect and, as 
earlier discussion has indicated, will be 
foreshortened by means which transcend 
were neglect. There will result an inade- 
quate study of number and a consequent 
inadequate study of social situations. An 
over-weening fondness for the golden eggs 
bodes ill for the goose that lays them. 

9. Why not concentrate upon number 
meaning? The arithmetic of the school suf- 
fers from two diseases or two forms of 
the same disease. (1) It aims at two things 
at once: it has the social aim and the 
mathematical aim. (2) It is considered by 
far too many teachers as a subject of sec- 
ondary importance, as a subject having 
value only in the degree that it is useful in 
matters that are of primary importance. 
Too many teachers are apologetic about 
arithmetic and consume their energies 
seeking justification for the small amounts 
of attention they bring themselves to de- 
vote to it. As a consequence, the arith- 
metic of the school is often difficult to 
recognize as arithmetic. Its movement 
is frequently that of a pendulum back and 
forth from consideration of the tangible 
and superficial aspects of social situations, 
which is not arithmetic, to drill in the 
mechanics of processes, which is not 
arithmetic either. 

What would happen to school arith- 


THE MATHEMATICS TEACHER 


metic if teachers were to adopt a single 
aim, the single aim of fostering the devel- 
opment of the meanings of numbers, of 
number processes, and number relations? 
What would happen to school arithmetic 
if teachers were to turn their full energies 
upon the setting up of systematic studies 
by pupils of numbers, their processes and 
relations and upon the careful, patient 
guidance of pupils in pursuing such 
studies? What would happen to schoo! 
arithmetic if teachers were to forsake their 
apologetic attitude toward arithmetic and 
begin treating it as a subject of major im- 
portance in its own right? What would 
happen? 

Would number be presented for study 
in a vacuum? The answer that has been 
suggested is ‘‘No.’’ Would the study of 
social situations be neglected? Again, the 
answer that has been suggested is ‘“‘No.”’ 
Instead, the pupil’s study of number and 
its processes and relations might be sys- 
tematized so that it would begin with the 
simplest of abstractions, and move along 
toward those that are less simple and more 
difficult to pull from their concrete sur- 
roundings, reaching along the way and 
finally toward the end those that the pupil 
should be trained to employ in important 
social situations. Once prepare the 
pupil so he can approach the study ot 
social situations in possession of numbe 
meanings already at least partially de- 
veloped, we shall pave the way for a stud, 
of social situations that will be fruitful. It 
will be doubly fruitful. The pupil will de 
velop the number of meanings he has al- 
ready gained. He will become intelligent 
about the social situations he studies. 

Would pursuit of the single aim produce 
a narrow course? It has been submitted 
herewith that pursuit of the single aim 
would result in a course that is both so- 
cially broad as well as mathematically on- 
going. 
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A Technique for Solving Simple "Set Up" 
Equations in One Unknown 


By May L. Wiit 


West Virginia University, Morgantown, W. Va. 


No LONGER can teachers of mathematics 
be satisfied with the type of teaching that 
produces uncertain results. The first year 
of algebra is a good starting point for de- 
veloping teaching techniques. Most chil- 
dren, who have had one year of algebra, 
can solve simple ‘set up’’ equations in one 
unknown if they are directed “what to do 
next.”” They should be able to know 
“what to do next.” Very bright children 
find out for themselves, but the average 
and slower ability groups must be helped 
to develop a technique that will produce 
certainty and accuracy in results. 

A method in use in the University High 
School at West Virginia University is giv- 
ing excellent results. It is in keeping with 
the recent trends toward the elimination 
of transposition in teaching simple equa- 
tions. 

It consists of six separate steps: 

1. The “intuitive period.” 

2. The “‘question period.” 

3. The “how equations are built up and 
taken apart period.” 

4. The “unknown in both members pe- 
riod.” 

5. The “accumulative equation period.” 

6. The “controlling period.” 

1. During the “intuitive period’’ the 
child learns that: 

1. Any number, except zero, divided by 
itself equals one. 

b. -++n (any number) plus (—n) equals 
zero. This procedure is an excellent 
method for eliminating any term that 
is not desired. 

c. The “equation idea’ provides un- 


limited opportunities for representing 
relationships in mathematics, the sci- 
ences, and in many every day pro- 
cedures. 

d. The appearance of an equation may 
be changed, without relating its 
fundamental truth, through the oper- 
ation of the four basic axioms of addi- 
tion, subtraction, multiplication, and 
division. 

e. The equation asks a question that is 
answerable. 

2. The “question period’’—during 
which the child learns to ask the question 
indicated in a simple one operation equa- 
tion, to estimate a sensible answer, and to 
check for accuracy. 

The following types of equations are 
used for introductory purposes. 


2+-3=12 3m= 24 
a—4=7 Lar 
3 


If the equation is expressed as a question 
the wording would be as follows: 

To what number can 3 be added so 

that the sum equals 12? 

From what number can 4 be sub- 

tracted so that the remainder equals 7? 

By what number must 3 be multiplied 

so that the product equals 24? 

What number, divided by 3, gives a 

quotient of 10? 

In each case the pupil determines a sen- 
sible answer and makes sure that it will 
check. Sufficient experience is necessary to 
make the child sure of himself. Errors 
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should be detected, analyzed, and clari- 
fied. 

From this step the question naturally 
follows, ‘‘Which of the four axioms explains 
what happened in each case?”’ The student 
should reason out that the following has 
taken place: 





zr+3= 12 3m 24 
Sin —! : 3 
t= 9 m=8 
a—4= 7 y 
3X —=10X3 
+4=+4 3 
a= i] y=30 


understood he 
should be ready for such variations as: 


When this period is 


a+}=10} 3%y =124 


Cc 
62+27=48 —=5.4 
2 
m—.5=4.6 Ic=12 
46=9:6 ar=b 
1 
r+c=10 z = 
a 
r—m=n 


3. The “how equations are built up 
and taken apart period” grows out of 
building identities. Take any number, 
such as 12, and build a series of identities. 
Then explain how they may be taken 





apart. 

4X 12—6=42 Du. | td. 

x4 +6 

—6 | +4 

12 b.u. t.d. 
—+20=24 —_—— | ———_ 
3 + 3 | — 20 
+20! x3 

5X12 b.u. t.d. 
24 =—_—__--6 — —- 

2 x5 +6 

+2 x2 

—6 +5 


4x32 baz 1 20. 
—_——190=6 Fai aang pe Shah 
3 x 4) +10 
+3/x3 

—10 + 4 


The pupil is now ready to understand 
that these identities may be changed to 
simple equations in which the 12 is missing 
and its location occurs in only one mem- 
ber as: 


4x —6=42 


x 
, +20=24 


4r 
—l10= 6 
3 


The pupil then asks the question ex- 
pressed by the equation. He should indi- 
cate, after each equation how it is_ built 
up and how it must be solved. The exer- 
cises should be arranged in the following 
manner, solved, and then checked: 





4r—6= 42 b.u. t.d. 
+6=+6 x4 +6 
4r 48 —6 +4 
4 4 

r=12 

b b.u. t.d. 

—+20= 24 — 

3 + 3 — 20 

— 20 = —20 +20 SS 
x 

3x —=4xX3 
3 

2=12 

4x b.u. | t.d. 

—-—10= 6 — 

3 x 4 +10 

+10=+410 +3)|)xX 3 
—10 | + 4 


4x 
3x 3 = 163 























4x 48 
4 4 
2= 12 
52x : b.u t.d 
24=——6 = 
2 x5 6 
+6= +6 +2 | > 


52 
2xX30=— X2 
2 


60 52x 
43 
12=z 
or 
z=12 


As the pupil advances he should be able 
to perform most of the steps, in the solu- 
tion of the equation, in his head. This, of 
course, is the ultimate goal, but should not 
be undertaken until there is complete un- 
derstanding. The plan of solution should 
persist throughout the whole ninth year. 
The student should be ready to plan, solve, 
and check any simple equation in one un- 
known in which the unknown is located 
in only one member. He should then work 
on literal equations of the following types 
and note similarity to the types already 
studed: 


r+a=b+10 

y—4=c cy+d=m+n 
ax 

—+b=d 

c 


4. The “unknown located in each mem- 
ber period” should require two additional 
steps: 

a. Simplifying each member so as to 
put the equation question in a sim- 
pler form. 

b. Changing the resulting equation to 
one in which the unknown occurs in 
only one member. 

These two steps may be illustrated 

through the solution of the following equa- 
tion: 
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127 —20 —62+4=80—227 —36+62 
6x2 —16=44+42r 


+16=+16 

 6r=60+42r 

—4z%= —A4r 
— or=60 b.u. | td. 
2 =30 x2 =| +2 


The answer should be checked. Equa- 
tions, involving fractions written in deci- 
mal form, need an extra step. Experiment- 
ing with the four different axioms and the 
proposed values should help the student 
find out that the following procedure is 
necessary : 


5r+.06 = .32+.82 
100(.52+.06) = 100(.32+.82) 
507 +6 =324+82 


He is prepared to complete the solution. 
Additional practice will include one place 
decimals, two place decimals, and mixtures 
of one and two place decimals. 

5. “Accumulative equations”’ 
tate a greater knowledge of the four funda- 
mental operations including monomials 
and polynomials, as well as the elementary 
types of factoring. 

In the following types the pupil should 
know that the expressed multiplication 
should be performed before the exercise is 
ready for analysis for the next step. 


necessi- 


6(4+3) =4(r+12) 
(y+3)(y+10) — 162 = (y—6)(y+10) 


Various errors will develop and should 
be studied and clarified. 

If common or algebraic fractions occur, 
the pupil must be directed to take the fol- 
lowing steps: 

a. Find the least common denominator. 

b. Determine the most plausible ‘axiom 

to use and the expression that will 
reduce each denominator to one. 

c. Perform any indicated multiplication 

remaining, collect, change to an 
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equation with the unknown in only 
one member, solve, and check. 
The following equations illustrate the 
types that will be used: 


4x 4 2(52+2) 
z+2 2-2 a4 
r+3 22r°—2 5-2 
2-8 x?’—7zr—-8 ” £41 








The pupil should then be in command 
of all types of simple “set up’’ equations, 
involving one unknown, found in any 
ninth grade course, in plane geometry, 
and in general science. 

6. “Controlling equations’’ is a result- 
ant of studying simple equations as a 
whole, understanding the common types 
and methods of procedure, and in devoting 
the greater part of the practice period to 
mixed groups containing all types. The 
child then will be faced with the necessity of 
thinking. Too frequently the practice pe- 
riod in algebra consists of solving long lists 
of similar equations merely by initiation. 


Why children make errors and how to 
overcome them becomes the real opportu- 
nity for study and the solemn obligation of 
the teacher of mathematics. Many times 
the child’s reactions are correct, according 
to his understanding, and the teacher fails 
to help him make needed adjustments. 

“Set up” equations represent but one 


phase of the simple equation and yet they , 


are absolutely essential before the second 
phase can be undertaken. Too frequently 
difficulties become accumulative and the 
child becomes hopelessly lost in mathe- 
matics. 

The second phase, the ‘‘story”’ or ‘‘verba! 
equation” is a study within itself and re- 
quires the development of a technique that 
produces certainty and accuracy equiva- 
lent to that developed for the solution of 
“set up” equations. Because it takes real 
thought and preparation, too many mathe- 
matics teachers overemphasize manipula- 
tive algebra and underemphasize the 
thought provoking phases. 
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ALLAN CoNGDON, professor of mathe- 
matics and education at the College of 
Education at the University of Nebraska 
retired from active service in May 1945. 
Professor Congdon has been one of the 
outstanding teachers at the University 
since 1919, when he was appointed Asso- 
ciate-Professor. In 1930 he received the 
title of professor of mathematics and in 
1934 of professor of education. 

Professor Congdon was born in James- 
town, N. Y. on June 9, 1876. He taught in 
a rural school beginning in 1893 at the age 
of 17. He entered the University of 
Nebraska in the fall of 1894. He received 
an appointment as “approved tutor in 
mathematics” in 1895, and his bachelor’s 
degree there in 1899. In 1923 he received 
his master’s degree from the University 
of Nebraska. He received the Ph.D. de- 
gree from Columbia University in 1929. 
Professor Congdon taught every year (at 
least part time) from 1895 until 1945. Prior 
to his appointment at the university, Pro- 
fessor Congdon taught in Lincoln and 
Omaha, was principal of Fremont high 
and superintendent at Wahoo. 
While completing his doctor’s work, he 
was instructor at the City College of New 
York and Teachers College, Columbia 
University. 


school 


Active in many national organizations, 
Dr. Congdon has held various offices, in- 
cluding national treasurer of Phi Delta 
Kappa since 1925 and vice president and 
member of the board of directors of the 
National Council of Teachers of Mathe- 
matics. He is also a past-president and 
secretary of the Nebraska chapter of Phi 
Beta Kappa, and a member of the Na- 
tional Education association, American 
Association of University Professors, 
American Interprofessional Institute and 
Mathematics Association of America. 

As chairman of the important university 
assignment committee and chairman of 
the course of study committee for Teach- 
ers College, Dr. Congdon served for some 
time. 

Among his publications is ‘Training in 
Mathematics Essential for College Suc- 
cess.”’ He is also co-author of ‘Remedial 
Arithmetic,”’ published in 1937. 

Dr. Congdon died early Sunday morn- 
ing at his home in Lincoln at the age of 69 
after this editorial had gone to the printer. 
His passing is a great loss to the National 
Council of Teachers of Mathematics whom 
he served so long and so well. He was a 
truly great teacher and friend. 

W. D. R. 














Annual Meeting of the National Council of Teachers of Mathematics 


As announced in the December issue of THE MATHEMATICS TEACHER, the next annual meeting 
of the National Council of Teachers of Mathematics will be held at the Hotel Statler in Cleveland, 
Ohio, on Friday and Saturday, February 22nd and 23rd, 1946. A meeting of the Board of Directors 
of the Council will be held at 8 p.m. on Thursday, February 21st, at the Hotel Statler. The final 
program of the meeting will appear in the February issue of the TEACHER. 

There will be four sectional meetings on Friday as follows: 

1. Mathematics in the Elementary School 

2. Mathematics for Grades Ten to Fourteen 

3. Mathematics in the Junior High School 

4. The Training of Teachers of Mathematics and one general meeting devoted to the work of 
the Commission on Post War Plans. A Discussion Banquet will be held on Friday evening. Saturday 
morning will be devoted to a radio demonstration and a general session on multi-sensory aids. Let 
us all try to be there.—W. D. R. 
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By NaTHAN Lazar 
Midwood High School, Brooklyn 10, New York 
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matics Classroom,” pp. 770-773. 
. Jamison, G. H., (Ed.), ‘Problem Depart- 
ment,”’ pp. 774-779. 
6. ‘Books and Pamphlets Received,”’ pp. 779- 
780. 
. “Book Reviews,” pp. 780-783. 
“Bill of Rights of Teachers of Secondary 
Mathematics,” pp. 784-785. 
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. Stewart, Jr., Norman, “The 
Magic Squares,”’ pp. 85-88. 
10. Anema, Andrew 5&., ‘Franklin 

Squares,”’ pp. 88-96. 

11. Landes, Leon, “On Equiareal Pythagorean 
Triangles,” pp. 97-99. 

12. Juzuk, Dov, ‘‘On the Converse of Fermat’s 
Theorem,” p. 100. 
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Models,”’ (Photograph), facing p. 72. (Se- 
lection, arrangement and _ lighting by 
Rutherford Boyd). 
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B. 


Proposed Amendments of the By-laws of the National Council of 
Teachers of Mathematics, Incorporated 


. Article II, 2, To read: Membership in the Council is effected by the payment of an annual 
membership fee determined by the Board of Directors. This fee includes one year’s subscription 
to “THe MATHEMATICS TEACHER.” 

Article II, 3,— Delete. 

. Article III, 1, To read: The control and management of the affairs and funds of the Council 
shall be vested in a Board of Directors who shall be members of the Council. The Board of Diree- 
tors shall consist of fifteen (15) voting members: the president, three vice-presidents, secretary- 
treasurer, editor, and nine directors. The most recent past-president shall be an ex-officio but 
nonvoting member of the Board. 


D. Article III, 2,—Delete. 

). Article III, 3, Change to 2 to read: The President shall be elected by the members of the Council 
biennially for a term of two years and shall not be eligible for a second successive term. The thre 
Vice-Presidents shall be elected by the members of the Council biennially for a term of two 
years and shall not be eligible for election to a second successive term. Their terms shall run 
concurrently with the President’s term. Three members of the Board shall be elected by the 
members of the Council annually for a term of three years as provided in (new) 3. They shall 
be eligible for re-election but not for more than two consecutive terms. The Secretary-Treasure! 
and the Editor shall be appointed by the Board for a term of three years. They shall be eligibl: 
for re-appointment. Their terms shall run concurrently. The Committee on Official Journal shall 
consist of the Editor and three Associate Editors. The Associate Editors shall be appointed }) 
the Board subject to the approval of the Editor, for a term of three years, their terms running 
concurrently with the Editor’s term. They shall be eligible for re-appointment but not for mor 
than two consecutive terms. All members of the Board of Directors shall hold over until their 
respective successors are elected or appointed and qualify. 

F. Article III, (new) 3, to read: The nine (9) members of the Board, other than the officers, shall 
be elected by the members of the Council according to a geographic plan as determined by the 
fifteen voting members of the Board. 

G. Article III, 4, The first two sentences to remain the same, then to read: The Finance Committ 
shall consist of the President and the Secretary-Treasurer, who shall have oversight of ex- 
penditures under the direction of the Board. Both shall sign all checks drawn by the treasurer. 
The Board is authorized to create and fill additional offices and committees. 

H. Article III, 6, Amend line 2 by changing “‘five (5) members”’ to ‘‘five (5) voting members.” 

I. Article III, 9, Change first word to ‘‘Any; and in third line change to ‘‘determined alphabeti- 
cally.” 

J. Article VI, 1—Delete the last five words. 

K. Article VII,—Delete. 

L. Article VIII, 1,—Delete the first sentence and the first word of the second sentence. 

December, 1945 


Respectfully submitted, 
. Epwin W. Scurerser, Chairman 
MARTHA HILDEBRANDT, GEORGE E. HAWKINS 
A. R. Conepon, H. W. CHARLESWORTH 
’H. C. CHRISTOFFERSON (overseas) 
Committee on Reorganization of By-Laws. 


me co NO 


42 














sy 


to 











ry 

yut 4 

cil 5 

ree 

wo 

un 6 

the 

all 

re 7 

ble 

all 

by g 

Ing 

ore 9 

¢ 

\ 10 

the 

tee 

eX 1] 

ré 
12 

et 
13 
14 
15 

- 16 
17 
18 
19 
20 
21. 











. Apalategui, J. 


. Betz, 


. Einstein, 


. Middlemiss, Ross 


SRR FEA: ANA 


NEW BOOKS 


® 





® 





Almstead, Francis E., Davis, Kirke E., and 
Stone, George K., Radio, Fundamental 
Principles and Practices. McGraw-Hill Book 
Co., Ine., New York, 1944. 208 pp. $1.80. 

J., and Adams, L. J., Air- 
craft Analytic Geometry. (Applied to Engi- 
neering, Lofting and Tooling), MecGraw- 
Hill Book Co., Inc., New York. 1944. 281 
pp. $3.00. 


3. Atkinson, Carroll, Pro and Con of the Ph.D. 


Meador Publishing Co., Boston. 1945. 172 
pp. $2.00. 

Atkinson, Carroll, True Confessions of a 
Ph.D. and Recommendations for Reform. 
Meador Publishing Co., Boston. 1945. 
William, Everyday Junior Mathe- 
matics. (books 1 and 2) Ginn and Company, 
Boston. 1944. Book 1, 400 pp. $1.12. Book 
2, 480 pp. $1.28. 


}. Clark, John R., Otis, Arthur S., and Clark, 


Caroline Hatton, My First Number Book. 
World Book Company, New York. 1945. 
80 pp. 

Clark, John R., Otis, Arthur S., and Clark, 
Caroline Hatton, My Second Number Book. 
World Book Company, New York. 1945. 
112 pp. 

Douglass, Harl R., and Kinney, Lucien B., 
Senior Mathematics. Henry Holt and Co., 
New York. 1945. 432 pp. $1.52. 

Albert, The Meaning of Rela- 
tivity. Princeton University. Press, Prince- 
ton. 1945. 132 pp. $2.00. 


. Grinter, L. E., Holmes, Harry N., Spencer, 


H. C., Oldenburger, Rufus, Harris, Charles, 
Kloeffler, R. G., and Faires, V. M., Engi- 
neering Preview. The Macmillan Co., New 
York. 1945. 574 pp. $4.50. 


. Lasley, Sidney J., and Mudd, Myrtle F., 


The New Applied Mathematics. (third edi- 
tion) Prentice-Hall, Inc., New York. 1945. 
119 pp. $2.20. 


. Lee, Leslie A., and Reekie, R. Fraser, 
Descriptive Geometry for Architects and 
Builders. Edward Arnold & Co., London. 


1943. 224 pp. 


3. Littlewood, J. E., Lectures on the Theory of 


Functions. Oxford University Press, Lon- 
don. 1944. 243 pp. $5.50. 

Mason, Louis T., Physi¢és Made Easy. (re- 
vised edition) School Science Press, Buffalo. 
1943. 394 pp. 

R., Analytic Geometry. 
(first edition) McGraw-Hill Book Co., Inc., 
New York. 1945. 306 pp. $2.75. 


. Morgan, Frank M., Plane and Spherical 


Trigonometry. American Book Co., New 
York. 1945. 247 pp. $2.50. 
. Neville, Erie Harold, Jacobian Elliptic 


Functions. Oxford University Press, Lon- 
don. 1944. 331 pp. 


. Nyberg, Joseph A., Fundamentals of Alge- 


bra. (second book) American Book Co., New 
York. 1945. 405 pp. $1.60. 


. Page, Edward Lupton, Technic Data Hand 


Book. The Norman W. Henley Publishing 
Co., New York. 1942. 64 pp. $1.00. 


. Panth, Bhola D., Consider the Calendar. 


Bureau of Publications, Teachers College, 
Columbia University, New York. 1944, 
134 pp. 

Polya, G., How to Solve It. Princeton Uni- 


22. 


27. 


28. 


30. 


31. 


32. 


36. 


37. 


38. 


39. 


40. 


. Stewart, 


versity Press, Princeton. 1945. 204 pp 
$2.50. 

Potter, Mary A., and Beck, Hildegarde R., 
Mathematics Every Day. Ginn and Co., 
Boston. 1945. 420 pp. $1.28. 


3. Potter, Mary A., and Beck, Hildegarde R., 


Mathematics for Everyone. Ginn and Co., 
Boston. 1945. 364 pp. $1.12. 


. Raiford, Theodore E., Mathematics of Fi- 


nance. Ginn and Co., Boston. 1945. 174 pp. 


5. Raiford, Theodore E., Mathematics of Fi- 


nance, (with tables) Ginn and Co., Boston. 
1945. 480 pp. $2.50. 


3. Rice, Louis A., Dodd, James H., and Cos- 


grove, Augustin L., First Principles of 
Business. D. C. Heath and Co., Boston. 
1944. 588 pp. $2.00. 

Schorling, Raleigh, Clark, John R., and 
Lankford, Francis G., Jr., Statistics, Collect- 
ing, Organizing, and Interpreting Data. 
World Book Co., New York. 1943. 76 pp. 
Schorling, Raleigh, Clark, John R., Smith, 
Rolland R., Arithmetic for Young America. 
(grades 3-8) World Book Co., New York. 
1944. 


. Schorling, Raleigh, Clark, John R., and 


Smith, Rolland R., Fundamental Mathe- 
matics. (books 1 and 2) World Book Co., 
New York. 1944. 

Seymour, F. Eugene, and Smith, Paul 
James, Plane and Spherical Trigonometry. 
The Macmillan Co., New York. 1945. 275 
pp. $1.80. 

Shute, William George, Shirk, William 
Wright, Porter, George Forbes, Henemway, 
Courtenay, An Introduction to Navigation 
and Nautical Astronomy. The Macmillan 
Co., New York. 1944. 448 pp. $4.50. 
Simmons, Harvey Alexander, Plane and 
Spherical Trigonometry. (second edition) 
John Wiley & Sons, Inc., New York. 1945. 
381 pp. $2.25. 


. Smith, James G., and Duncan, Acheson J., 


Sampling Statistics and Applications. (first 
edition) McGraw-Hill Book Company, 
Inc., New York. 1945. 484 pp. $4.00. 

John Q., Coasts, Waves and 
Weather for Navigators, Ginn and Co., Bos- 
ton. 1945. 342 pp. $3.75. 


5. Weeks, Arthur W., and Funkhouser, G. 


Gray, Plane Trigonometry. D. Van Nos- 
trand Co., Inc., New York, 1943. 189 pp. 
Wren, F. Lynwood, Randall, Joseph H., and 
Herrick, Anita E., Advancing With Num- 
bers. (Practice Book 6), D. C. Heath and 
Co., Boston, 1944. 112 pp. $.32. 

Wren, F. Lynwood, Randall, Joseph H., and 
Herrick, Anita E., Learning About Numbers. 
(Practice Book 2) D. C. Heath and Co., 
Boston. 1944. 112 pp. $.32. 

Wren, F. Lynwood, Randall, Joseph H., and 
Herrick, Anita E., Studying About Numbers. 
(Practice Book 4), D. C. Heath and Co., 
Boston. 1944. 112 pp. $.32. 

Wren, F. Lynwood, Randall, Joseph H., and 
Herrick, Anita E., Thinking With Numbers. 
(Practice Book 5), D. C. Heath and Co., 
Boston. 1944. 112 pp. $.32. 

Wren, F. Lynwood, Randall, Joseph H., and 
Herrick, Anita E., Working With Numbers. 
(Practice Book 3), D. C. Heath and Co., 
Boston. 1944. 112 pp. $.32. 








* Heath’s special books for special purposes 





A basic or supplementary text in remedial arithmetic 
GAINING SKILL IN ARITHMETIC—Braverman 


For re-establishing forgotten basic skills or for training students who have not yet 
attained seventh-grade arithmetic achievement. 


The basic mathematics needed in 22 trades 
ESSENTIAL VOCATIONAL MATHEMATICS—Ewing & Hart 


Practical arithmetic, geometry, algebra, and trigonometry, related to vocational 
problems. The mathematics of precision measurement and reading of precision instru- 
ments. 


A refresher or review course 
BASIC MATHEMATICS, A survey course—W. W. Hart 


For 3rd or 4th year high school students insufficiently prepared in secondary mathe- 
matics for further study or special careers. 


The general principles of flying in 90 daily assignments 
ELEMENTARY AVIATION—L. E. Moore 


Elementary treatment of instruments, meteorology, contact flying, dead reckoning, 
and radio and celestial navigation. 


Simplified introductory treatment of analytical 
geometry and the calculus 
ELEMENTARY MATHEMATICAL ANALYSIS—Herberg 


Also presents the theory of equations, complex numbers, permutations, combinations, 
and probability. 


New insight into principles 
INTEGRATED MATHEMATICS REVIEW—Herberg 


Uses algebra, geometry, and trigonometry of the right triangle simultaneously in 
the same discussion, with emphasis on principles, concepts, and techniques. 


D. C. HEATH |) AND COMPANY 


Boston New York Chicago Atlanta —— San Francisco Dallas London 














Please mention the MATHEMATICS TEACHER when answering advertisements 





